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INTRODUCTION 
Historically swine was considered a supplementary or complementary 
enterprise in the farm organization. Because the enterprise was comple-
mentary or supplementary , few studies have examined the cost economies of 
large-scale, specialized swine enterprises. Kadlac and Morris (53) state 
the role of the swine enterprise is to improve farm profit by: 
1 . Utilizing fixed resources otherwise unused 
2 . Providing a diversified operation 
J. Adding a specialized enterprise to cropping activities 
4 . Supplying a single specialized enterprise 
In recent times pork production has tended to be specialized in large 
enterprises , Will pork continue to be produced in supplementary and 
complementary enterprises, or will it be produced in a competitive enter-
prise as a single product or as pa.rt of a multiproduct firm? If pork is 
produced in a competitive specialized enterprise, more res earch is needed 
on costs in large-scale hog operations . 
P.ackground 
When relative costs favor labor intensive methods of production, 
small farms and large farms can exist side by side, However , when rela-
tive costs favor capital intensive methods, large scale farms may have a 
profit advantage (28) . Amick and Purcell (1 ) found that 87 . 5 percent of 
the variation in unit costs for swine could be explained by scale invest-
ment , feed efficiency, labor efficiency, and average weight of hogs mar-
keted, They conclt.rle, that while size was not significant , it affects 
costs indirectly through its influence on other variables , Kadlac and 
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Morris (53) show no increasing returns to size for operations over 55 sows. 
Kesler and Hinton (54) found little difference in cost efficiency between 
small and large scale enterprises, large producers had lower feed costs 
but were less efficient than small producers , Mueller and Eidman (63) 
found that size did not significantly affect pigs weaned, feed costs per 
100 pounds produced, or deathloss. 
Nationally from 1960 to 1970, the number of hog producers declined 
about 50 percent while the number of pigs produced stayed almost constant. 1 
The average size of enterprise has doubled and numerous enterprises over 
JOO sows are in operation. Using a 1964 base, from 1964 to 1970 the num-
ber of Iowa farms reporting 20 or fewer spring farrowing decreased 40 per-
cent while the number reporting over 50 increased 95 percent (43). Wallize 
(94) reports an Illinois study showing 63 percent of the producers had 500 
head or more in confinement in 1967, These data indicate that the size of 
the swine enterprise has grown rapidly. Will it continue to grow so r ap-
idly? Will pigs be produced in pork factories? The answers depend in 
large part on the shape of the long run average total cost curve of the 
firm. 
Purpose 
The purpose of this study is to estimate empirically the economies 
of size associated with nonintegrated swine enterprises , Costs for sin-
gle litter pasture management sys tems, multi-litter open fronted confine-
ment management systems, and multi-litter completely controlled confine~ent 
1Dr, L.L. Christian, lecture notes 425 Animal Science 
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management systems are examined, Ten levels of production from 25 to 1000 
s ows are examined to determine the average long-run total cost curve asso-
ciated with economies of size for each system. 
Scope 
Leve Ls 
The levels of production examined are given in Table 1 . Levels are 
a functi on of s ow numbers and sow use. The number of sows used is t he 
same at each level for each of the three management s ystems . Output var-
ies from system to system according to the productivity of the farrowing 
system. 
Table 1 . Number of sows and production per management system by level 
Level Sows Pigs - Pasture Pigs- Open fronted Pigs- Controlled 
1 25 180 312 400 
2 50 )60 656 801 
3 75 532 1 , 032 1 , 256 
4 125 885 1,686 2 ,440 
5 250 1,770 3 ,414 4,943 
6 375 2, 655 5 ,424 7 , 704 
7 500 3 ,540 7 , 302 10, 272 
8 625 4,432 9 ,252 13 , 097 
9 750 5 , J18 11,232 15,601 
10 1 , 000 7,088 14,886 20 ,801 
Systems 
The management systems analyzed are pasture, open fronted confinement, 
and environmentally controlled confinement. Grazing character ized the 
pasture system. All animals in this system have access to grass. Sows, 
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gestated in winter months in lots , can graze on any forage available. 
Farrowing takes place in the spring and summer with all breeding stock 
sol d a fter the pigs are weaned. Pi gs are allowed to roam at will over 
pasture fie l ds as they mature in the summer and fall . During the fall t he 
pigs are sold except for replacement gilts which are wintered and farrowed 
i n the following spring . 
The open fronted and environmentall y controlled systems are confine-
ment systems . All animals are confined t o pens inside buil dings . The 
open fronted system consists of open fronted buildings except for the 
farrowing building . The farrowing building is completely enclosed and has 
supplemental heat for farrowing in winter. Environmentally controlled 
or controlled systems have the environment controlled to the range of 45 
to 85 degrees. With the controlled environment i t is necessary to have 
all buildings enclosed and insulated. Both the open fronted and the con-
trolled systems are multiple farro wing systems . 
Phases 
F.ach sys tem is divided i nto phases a s given below . 
Gestation 
F'arrowing 
Gr owing 
Finishing 
Gestation extends from market weight , or weaning in the case of sows , 
until two days before farro wing . Farrowing is from the end of ges tation 
until weaning . The growing phase extends from weaning until the pi gs 
reach 11 0 to 125 pounds . Finishing completes production by extending from 
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growing until a market weight of 235 pounds . Justification for the heavy 
weight will be presented wit h the discussion of the feed variables. There 
is no real distinction between growing and f inishing in the pasture system. 
The pasture system i s broken into these t wo phases for symmetry. Gesta-
tion and farrowing are logical divisions since different housing is nor-
mally used for each. By dividing t he growing and finishing phases , the 
nursery i s eliminated and the building space utilized more efficiently. 
Items 
Each system is divided into the four phases and costs are computed 
for each of the 10 levels for each phase . At each level there are 14 
different items costed . These items are buildings , equipment , sows , boars , 
repairs , disease , power, feed1 , feed2 , feed3 , waste disposal and odor 
control, l abor , finance , and deathless. F.a.ch item is divided i n t o input 
variable and price variabl e components . Costs for each phase a r e de ter -
mined by the 28 variables for each level. 
The structure of the mod.el is s hown i n Figure 1 . For each system, 
t he long-run a verage total cost curve is g iven by the envelope curve of 
the s hort- run average total cost curves for each of the 10 levels . Costs 
for each level are the sum of the costs for each of t he four phases . The 
costs per phase are the s um of the price variable times t he input variabl e 
for each of the 14 items cost ed . 
Limitations 
While this study borders on problems of vertical integration , these 
problems are not cons ider ed . Focus is pl aced on the fundamental produc-
tion ques tions of size and economic efficiency. In this context , all 
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Long-run total cost/system 
Total cost/level 
cost/phase 
Item 
Price vari able Input variable 
Fi gure 1, Or ganizational framework of the model 
factors of production are purchased by the swine enterpr ise. No consider-
ation i s g iven to costs of marketing . Fees f or transportation , weighing , 
and selling are borne by the producer and can be justifiably included as 
production costs, These are usually called trucking , shrinkage, yardage , 
and commiss ions; however, to include them l eads t o questions of vertical 
integration though optill8.l organization of markets, The level of 
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technology is assumed to be that which is currently profitable to use . 
All inputs can be purchases in central Iowa and the techniques have been 
tried at least under experimental conditions. No mention is made of ad-
vances such as estus synchronization, artificial insemination , or super 
ovulation. While research is being conducted in these areas, it is not 
likely that the techniques can be fully discovered and economically em-
ployed before 1980. 
Risk and uncertainty are not formally treated in this study . These 
aspects are considered subjectively as they affect separate operations . 
Risks associated with disease and deathloss were considered when disease 
costs were buigeted and when building systems were adapted . 
Procedure 
Sample farms vs., budgeting 
Previous studies conducted by Amick and Purcell (1 ) , Kad.lac and 
Morris ( 5J) , Kesl er and Hinton ( 54), and Mueller and Eidman ( 63 ) have 
employed a variety of techniques using sample farm data directly to deter-
mine economies of size • Using sample farm data to make inferences about 
economies of size assumes that each farm i s operating at a point such as 
A, Figure 2, where the average short-run curve is tangent to the average 
long-run curve. In the range of declining long-run average cost, this 
assumption is incorrect. Total cost at A, Figure 2 , is greater than at B 
given point B is the minimum of short-run average cost curve 2. Even in 
the short-run no farm would operate at A when by expanding costs could be 
lowered. In the short-run, farmers operate between minimum average short-
run cost and the point where marginal cost equals marginal revenue . In 
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the range of increasing long-run average costs, the sample farms may or 
may not be operating at a point of tangency. 
Since the short- run cost curves are above the long-run cost curve, a 
sample farm approach underestimates the economies of size , probably over-
estimates diseconomies of size, and cannot possibly obtain a correct 
estimate of the slope of the long-run total cost curve. Another disad-
vantage with the sample farms approach is that l arge variation in returns 
caused by managerial differences plague statistical tests increasing 
probability that a true hypothesis will be rejected. 
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Fi gure 2 . Long- run and short-run average total costs 
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A budgeting approach is used in this study to develop a series of 
short-run cost curves for each level of production. Costs are analyzed 
at each phase to determine the minimum cost for each level, Phases are 
then added to produce a series of ten discrete points for each system. 
1£achpoint represents the minimum short-run cost for that level . Build-
ings, equipment, and fixed factors in the manure disposal costs are summed 
to estimate total fixed costs. By using the remaining costs as variable 
cost, the short-run curves are developed assuming symmetry for the posi-
tive sloped portion. The assumption of symmetry is necessary as there 
are no data to support budgeting as fixed facilities become overcrowded. 
The practical importance of the slope in the range of increasing costs is 
slight . Since there is free entry into the hog business , as soon as dis-
economies of size are encountered , operations will be limited in size . 
By budgeting the management influence is eliminated . While the 
assumption of a nonlimiting management may not be completely realistic, 
it does prevent erratic results from an almost unmeasurable input . The 
assumption used for this study is that sufficient managerial skill exists 
to operate at each level, 
Budgets for each system by phase are developed from research data 
and farm observations . All systems are designed for a minimum short-run 
cost using comparative budgets . Only the budgets used are presented , In-
puts are priced at opportunity cost , Technology is constant but new tech-
niques are adapted only at profitable levels . Productivity varies between 
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systems and with technlquesl used within systems. 
The budgeted items are divided into price variables and input varia-
bles. The price variables express the decline in input cost due to re-
duced prices from volume purchases. Input variables express the amount of 
real input needed. 
Input variables show economies and diseconomies from using improved 
techniques , reorganization caused by indivisibilities, and changes in the 
production process as size increases. Input variables are multiplied 
times their corresponding price variables to determine cost for each of 
the 14 items mentioned previously . Total annual costs per item are divid-
ed by the total annual production to determine cost per head for each item 
within each phase . Costs per head per item are sum.med for each phase to 
obtain total cost per head per phase for each level. Finally total costs 
per phase are sum.med to obtain total cost per head. Costs per head are 
divided by 2 ,35 to obtain total costs per hundred weight for presentation , 
Price and coefficient arrays are given by system by phase starting 
wi th Table AJ1 in the Appendix, Arrays are divided into two parts for 
presentation in tabular form . The first seven variables are presented 
then the next seven. The price arrays in tabular form follow their corre-
spending input arrays. Finally, the cost per head array is presented 
after the price coefficients, All the material for each phase is presen-
ted in the order pasture, open fronted and controlled phases in the 
Appendix tables starting with Table AJ1. 
1 Methods used within the framework of the same type of facilities 
such as ministering isolites in the drinking water vs. , in the feed or 
farrowing 80 sows each 12 weeks vs,, 40 sows each 6 weeks . 
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BUDGETS 
8a.ch column i n the price and coefficient arrays as Tables AJ 1 to A1 02 
in the appendix relate to one variable , Where the variables include more 
than one item, the variable is expressed in dollars. The price variables 
are price indexes of percent discounted cost (cost less price discounts 
divided by total cost ). Price indexes show the effect of input price 
changes as output increases. Complete budgets are given in the appendix 
for each variable , Only the assumption for the budgets will be presented 
in this section. Since each management system has a particula.rtype 
housing and corresponding equipment, the housing and equipment variables 
are discussed together. 
Buildings and Equipment 
The housing variable includes all the annual costs of housing, Costs 
for building depreciation, taxes, land, and insurance are included , Land 
is rented at an annual charge of thirty dollars per acre. All land is 
charged at the rental rate, The equipment variable includes all annual 
equi pment costs . At small levels some supplementary relationships exists ; 
so , partial charges are made for tractors, wagons, and the water system 
until all equipment is used expressly for hogs , 
Property taxes are computed by taking the assessed value ( Appendix 
Table A5) times . 27 and then multiplying by an 80 mil tax rate . The 
$10 , 000 personal property exemption is used on property other than swine 
until the operation reaches 75 sows, At the 75 and 125 sow level, 25 
percent of the exemption is divided among all four phases , At the 250 
sow level 50 percent of the deduction is taken and over 250 sows all of 
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the exemption is deducted. No tax i s paid on the breeding herd in the 
pasture system as the tax applies to animals which are over nine months 
old on January first. 1 Since farrowing occurs from April through July no 
animals qualify for the tax. 
Insurance costs are divided as nearly as possible in proportion to 
the risk associated with each phase of production. Liability and compre-
hensive insurance costs $21 . 63 plus 6.6 cents per acre over 160 acres. 
One-eighth of this expense is char~ed to the gestation phase, 1/8 is 
charged to the farrowing phase, and J/8 each to the growing and finishing 
phases. Fire, wind, and theft is charged to the buildings at the rate of 
44 cents per 100 dollars. Each phase bears the cost of this type of in-
surance in proportion to the amount it uses the buildings . 
The planning horizon for the confinement systems is ten years . De-
preciation is computed for ten-year planned life. Confinement buildings 
will undoubtedly last more than the ten years, but changes in technology 
will cause major renovations within that period . The uncertainty associ-
ated with technical change is the primary reason for such a short period . 
Changes i n consumer demand could cause pork production to be limited to 
levels which can be supplied by farms supplemental and complementary ac-
tivities by the end of the period as well . 
Pasture gestation 
In the pasture system gestation phase , sows are housed in portable 22 
gauge galvanized steel sheds with wood floors on wood runners. Sheds 
1Personal communication with the Boone County Assessor. 
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measure 13 by 26 by 6 feet and have a capacity of 25 sows. One shed is 
placed in each 10 by 20 rod lot. Sheds are bedded during the winter 
months for added sow warmth . Water is provided by electrically heated 
fence line waterers and sows are fed on concrete slabs 12 by 16 f eet. 
Slabs are placed so that they will accommodate three pens by turns. Gilts 
are fed approximately 12 pounds of feed every third day . 
Costs for the feeding floors and the waterers are given in Table A4 
and A8 in the Appendix. Sheds are priced at $4501 each and have a ten 
year life . In the single litter system, the gestation facilities are only 
needed for about six months . The gestation facilities are used to provide 
shelter for the growing and finishing pigs during the summer. Costs are 
split so that 50 percent is borne by gestation and 25 percent each to 
growing and finishing . The only exception 1s the liability insurance. 
Annual gestation housing and equipment costs for the pasture system are 
presented in Tables A9 and Al O in the Appendix. 
Pasture system farrow through finish 
In the pasture system farrowing phase , gilts farrow in individual 
houses . These houses have a seven year life. Sows are fed a high bulk 
ration from the grow-finish feeders . Since the opportunity cost of the 
feeders is zero, the farrowing phase bears no feeder depreciation . Above 
50 gilts , two groups of gilts are farrowed each year. The first groupfar-
rows in April and the second in June. The farrowing houses and equipment 
can be used twice under this method . Gilts average 7. 5 pigs weaned . 
1Manufacturers retail price plus $175 f or materials , construction 
and installation of the floor and runners. 
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~arrowing costs are summarized in Tables All and A1 2 in the Appendix . 
In the grow and finish phase , pigs are grown to 235 pounds on pasture . 
A stocking rate of 40 pigs per acre ( 57) is maintained. Pigs are provided 
sun shades but no buildings . Waterers and feeders are portable . The only 
fixed resources other than the land is the fence . Fence costs are pres-
ented in Table A15 of the Appendix. Complete costs for the pasture grow 
or finish buildings and equipment are given in the Appendix Tables A13 and 
A14. 
Qpen fronted gestation 
The open fronted system is so named because all buildings except far-
rowing have an open front. The farrowing buildings are completely enclos-
ed and have supplemental heat to allow year round farrowing. No other 
attempt is made to alter the environment. 
Land costs though smaller in the open fronted system than the pasture 
are still a cost of production. Facilities are constructed t mile from 
roads or residences. The land requirements for the open fronted system 
are based on three times the building space required per pig . Building 
space requirements are given in Table 2. Eight square feet in swnmer and 
nine in winter is recommended by Muehling (65 ) ; however , undoc~ented 
field observations indicate eight square feet per head visably slows gains 
beginning at about 175 pounds .1 Sows in the farrowing phase are allotted 
66 square feet. The charges for land includes space for the hogs times 
three plus one-half mile of 32 foot right-of-way . Land is charged at $30 
1Based on 1,280 head in eight square feet compared to 1,680 head in 
10 square foot pens . 
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Table 2. Space requirements per size of animal in winter and summe~ 
Weight Winter Summer 
25-40 J 4 . 0 
41-100 4 6 . o 
100-150 6 8 .5 
151-235 1~ 10.5 
Sows gestating 15 20 . 0 
a source: Muehling (68) . 
bchange from 8 square feet in winter and 9 square feet for summer. 
per acre per year. Space requirements as explained above are used in both 
confinement systems . 
In the gestation phase , sows are housed in open fronted partially 
slotted floor buildings . Pens are 10 by 20 feet and house 10 sows . Sows 
are bred in these pens and remain there until moved to the farrowing barn . 
Costs of construction less cost of slotted floorsl range from $2.00 to 
$1 .60 per square foot. These costs are consistent with Trede (88) who 
budgeted $1 . 57 per square foot. Total building costs are given in Table 
A16 in the Appendix. Dimensions and number of the gestation buildings are 
presented in Table J. 
Since the buildings are open fronted , waterers have electrical heat-
ing elements to prevent freezing . Waterer costs are presented in Table 4 
and costs for gates and dividers in Table 5. Gestation pens are twenty 
feet wide . Sow pen dividers have a five year life. Costs for the s ow 
1charged against the waste variable. 
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feeding system are summarized in Table 6. The remaining annual equipment 
costs and price discounts for the open fronted gestation system are given 
in Table A16 in the Appendix. 
Table 3. Open fronted gestation buildings--their dimensions, costs and 
feed storage 
Sows Pensa Dimensionb Cost ft . /sq. Bldgs . Tank Cap.c 
25 3 20 x 30 $2 .00 1 2 . 8 
50 6 20 x 60 1.80 1 2.8 
75 8 20 x 80 1.60 1 2. 8 
125 14 20 x 70 1.60 2 2.8 
250 28 20 x 100 1.60 1 2.8 
20 x 90 1.60 2 2 . 8 
375 33 20 x 11 0 1.60 3 2.8 
4.2 
500 44 20 x 110 1.60 4 4 . 2 
925 51 20 x 11 0 1.60 1 2.8 
20 x 100 1.60 4 4.2 
750 61 20 x 130 1.60 1 2.8 
20 x 120 t. 60 4 4.2 
20 x 100 1.60 1 2 . 8 
1000 82 20 x 120 1.60 6 4.2 
# 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
2 
1 
2 
1 
3 
aPens 10 x 20 with an 8 ' slotted floor against pen side, 2 feet drops 
5 feet a part per pen, and 1 hospital or boar pen per building. 
brn feet . 
Cin tons. 
Gestation buildings and equipment are not used intensely in a three 
group sow breeding plan since sows must be housed during cleaning of the 
farrowing buildings . While the sows are in the farrowing facilities , some 
of the gestation barns are empty. By using six farrowing groups, one-s ixth 
of the sows are in the farrowing buildings at all times and space de-
clines accordingly. Similarly by moving to nine groups , two-ninths of the 
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sow population is in the farrowing barns at one time and gestation barn 
space drops two-ninths . This study changes to six groups at 375 sows and 
to nine groups at 625 sows. 
Table 4. Waterer budget , gestation phase--open fronted confinement system, 
by type of waterer 
Item Slngle Single Double 
fence line fence line 
Waterer 54 . 30 57.45 99 .20 
Pipe 5. 00 5 . 00 5 , 00 
Electric wire 25 ft, @20¢ 5. 00 5.00 5. 00 
Fuse box 4.25 4,25 4 , 25 
Installation 10,00 10. 00 10, 00 
Total 78 , 55 81 , 70 123 , 45 
Dep . 10 yr . 7. 86 8 .17 12 . 34 
10% dis count per yr , , 68 • 72 1.1 3 
25% discount per yr. 1. 71 1.79 2 , 84 
Table 5, Cost for installed pen dividers by width 
10' 15 ' 20 ' 28' 
Panel 1 36, 00 36 , 00 49 , 50 49 . 50 
Panel 2 0, 00 24, 00 26 . 00 49 . 00 
1 post 4 . 80 4 , 80 4 , 80 4,80 
Post fillings 4.75 4 . 75 4 , 75 4 . 75 
Wall attachments 0,00 2 , 95 2 ,95 2.95 
Installation 4 hr. @ $3 . 00 12 . 00 12.00 12 . 00 12 , 00 
Total 57,55 84, 50 100, 00 123, 00 
Amortized 5 yr , life 11.51 16 ,90 20, 00 24 , 60 
10% discount per yr . . 91 1.45 1. 76 2 , 22 
25% discount per yr. 2 . 28 3.62 4. 40 5 . 55 
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Table 6. Open fronted gestation building feed system costs 
Item Cost 
Fach pen 
10 feeders @ $33 ea. 
Auger 
Down spouts 
Two way outlet 
Installation labor 
Total per pen 
Depreciation 10 yr. life 
Fach building 
Feeder switch 
Delivery switch 
Time clock 
Motor 
Motor mount 
Total per building 
Depreciation 10 yr. life 
Open fronted farrowing 
$330. 00 
11.40 
11.1 0 
9.20 
11.40 
$373.15 
37 . J2 
$ 65 . 00 
12.55 
JJ . 00 
40. 00 
17.25 
$167. 80 
16. 78 
Daniel et al. ( 1J) found little saving for farrowing barns over 32 
sows. Small barns allow better traffic patterns, help to eliminate spread 
of disease, and have fewer draft problems. Farrowing pens are six feet 
wide and eight feet long. Each pen has a two foot creep area along one 
side and guard rails on the other sides . The floor on the back three feet 
of the pens is slotted . Farrowing barns have an alley along the exterior 
sides . The partitions between the end pens are removable; so, there can 
be an alley all the way round when filling and emptying the barn . Remov-
able partitions add flexibility to the barn. If slightly under 70 percent 
of the sows bred conceive, the barn increases in labor efficiency due to 
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the exterior alley . However , barns can be expanded t o house four ad.di -
tional sows by inserting the partition in the end pens. While exterior 
alley designs are slightly more expensive to construct , field obser vations 
indicate that farrowing barns with exterior alleys have fewer scour prob-
lems than barns with a central alley. The best explanation is that slight 
drafts occur along exterior walls due to differences in wall and interior 
air temperatures , The building descriptions for the open fronted system 
f arrowing buildings are presented in Tabl e 7 , 
Ta ble ?. Building and feed storage requirements for f arrowing , open 
fronted system 
Sows Stalls Sows/barn Barns Dimensions Cost/ft 2 Feed bins 
25 14 14 1 22 x 42 $J . 25 1 
50 26 26 1 22 x 78 J . 07 1 
75 26 26 1 22 x 78 J . 07 1 
125 40 40 1 22 x 120 2 . 95 1 
250 80 40 2 22 x 120 2 . 95 1 
375 128 J2 4 22 x 96 2 . 95 1 
500 168 42 4 22 x 126 2 . 95 1 
625 216 36 6 22 x 108 2 . 95 2 
750 252 42 6 22 x 114 2 . 95 2 
1000 )42 J8 9 22 x 114 2.95 J 
a r n tons . 
cap . a 
2 . 8 
2 . 8 
2 . 8 
2 . 8 
2 . 8 
4 . 2 
6 . 2 
4 . 2 
6 . 2 
6.2 
Cost per square f oot for a heated nonins ulated building in this s tudy 
vary from $7 . 57 to $6. 90 . A summary of comparable building costs a ppear 
in Tabl e 8 by source . For the complete budgeted costs for farrowing 
housing and equipment see the Appendix Table Al ? . 
Sows should wean an average of ?.8 pigs per litter in the buildings 
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Table 8 . Cost of heated farrowing barn by source, size , and year 
Source No. Sows Year Cost per sowa Cost per sq. ft .a 
Tredeb 20 1967 $496. 00 $7 .64 
Iowac 35 or less 1970 450. 00 7. 50 
Iowac 40 or more 1970 420. 00 7.00 
This study 20 1970 500.00 7.57 
This s tudy 35 or more 1970 457.00 6. 90 
a No cost for cooling. Figures reflect 1970 prices using an index of 
3% per year inflation . 
bFi gures not directly from Trede (88 ) but cost was modified so that 
all systems were comparable. 
cRepresents a bid from a central ~owa contractor without equipment 
plus estimate of approximately 200/ft , for equipment added, 
as described , During the cold in December, January, and February, lack of 
proper ventilation causing dampness will decrease production . During the 
months of March and April f ast changing temperatures of t en lead to losses 
from pneumoni a, the MMA1 complex, and TGE2 i s common . May f arrowings 
are subj ect to the same temperature changes but losses are not so severe. 
Pi gs lost during May are normally caused by s cours and the accompanying 
dehydration , Farrowing during mid June through August without forced 
ventilation and cooling is difficult . Sows often have difficulty deliv-
ering due to heat prostration , and sow loss increases dramatically . Sep-
tember represents an ideal month with the fall weaning rate usually the 
1Ma.stitis, Metritis, Agalactia. 
2
Transmissible gas troenteritis . TG~ may be eliminated if the vaccine 
recently developed is licensed and proves effective . 
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highest. Pigs can adjust to a sudden decline in temperature within the 
ranges experienced in September much faster than they can adjust to the 
increases experienced in late March and April, November farrowings are 
again entering the cold weather and poor ventilation begins to limit wean-
ings. A distribution of weaning in the open fronted system farrowing barn 
is given in Table 9. 
Table 9. Distribution of number weaned per litter by month, open 
fronted system 
January 7,0 
March 7. 0 
May 8. 1 
July 7.4 
September 9. 3 
November 8. 0 
Total 4b.8 
Average 7. 8 
Open fronted growing and f inishing 
Growing and finishing units are both open fronted nonheated noninsu-
l a ted buildings with the same cost per square foot as the gestation build-
ings. Both buildings have 50 percent s lotted floors. The growing unit 
has pens 8 by 15 feet with a maximum number of 21 pi gs per pen . Small 
pigs have a tendency to pile in cold temperatures and with more than 21 
pi gs per pen there is an increased risk of disease and dea thloss. There 
is room for two sows and their litters in the growi ng pens until the pigs 
are weaned . Gilts with their litt ers may be housed in the grow units for 
three weeks and then moved to the breeding barn. Pi g groups are kept in-
tact as a d isease preventive measure . Six square f eet per pig is allowed 
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in the grow buildings. The finishing buildings have pens 14 by 28 feet, a 
maximum of 42 pigs per pen , and 10 square feet per pig . Field results 
show that 40 to 45 head of 125 pound pigs can be penned together success-
1 fully. 
Muehling (65) observes that the larger the number of pigs per pen the 
higher the incidence of injury. Wallize (94) reports substantialdeathloss 
with 65 pi gs per pen but deathloss virtually eliminated by dropping to 25 
pigs per pen. Jones et al. (50) reports an optimal of 20 pigs per pen. 
In the studies reported by Jones et al. ( 50) and Wallize ( 94) , pigs were 
not repenned at 125 pounds. Though research data clearly favors 25 head 
per pen , an ob.servation that hogs 125 pounds and up grow as well in 40 pi g 
pens as in 20 pig pens based on a staggering 13,440 head cannot be insig-
nificant . The large pens are not adequate for pi gs from 30 to 60 pounds . 
Apparently , disadvantages of 40 pig pens at small we ights more than offset 
any advantage at weights in excess of 80 pounds . 
Forty pig pens are cheaper than 20 pig pens because fewer pen divid-
ers and waterers are required. By having a grower and a finisher build-
ing, finishing building costs are decreased and the nursery is eliminated 
for systems with six or more annual farrowings, Pi gs f rom systems with 
four annual farrowings can be kept in the farrowing building until they 
reach 60 pounds. At 60 pounds they can be transferred directly to the 
finisher phase, 
The grower building replaces the common nursery. It differs from the 
1
Four buildings 420 head or 1,680, four groups per year for two 
years. 
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nursery because pigs are moved a t 11 0 pounds rather than 50 to 80 pounds. 
The add i tion of a nursery in a syst em farrowing s ix times annually would 
lower farrowing buildi ng cos t s by 65 cents per head. A nursery s hould 
cos t about 50 cents per head. Whi l e a nurs ery would save J O percent on 
buildi ng costs, the additional shrink and labor j ust about offsets the 
savings under s ix annual farrowings , The additional cost of a grower-
f inis her sys tem is about JO cent s per pig with the same savings as a 
nursery . Shrink is more when moving heavi er pi gs but not enough to off-
set the added savings of the gr ower-finisher system. 
Field experience indicates that up t o 125 pounds hogs can be mixed 
without great stress if at least t hree pi gs are selected f rom each group. 
Muehl ing (65 ) observes that i t i s desirabl e to ad jus t s pace at least once 
be t ween 40 pounds and market . St udies a t I owa State s how that pi gs grow 
a t varying rates and that early s low-growing pi gs will catch fast early-
growing pi gs . While t he s tudy is pr obabl y correct, if slow early- growing 
pi gs are f orced to compete with larger fa s t early- growing pi gs , the small 
slow-growing pigs never develop to their potential . By separating and 
resizing at 110 pounds, slow early- gr owing pi gs are not required to com-
pet e with pi gs larger than themselves , No empirical advantage can be 
placed on the returns t o sorting, Sorting i s definitely a positive ad-
vantage and an added bonus to the grower-finisher or ganization . 
The present costs assume that six gr oups of pigs use the facilities 
annually . If the herd can average market weight in less than 41- months , 
the same buildings will shelter eight gr oups annually without additional 
costs except cleaning and repai rs. By increasing to eight groups , build-
ing cost per head should drop about 40 cents. Total number of pigs, 
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per group , and age groups along with their building requirements for gr ow-
ing and finishing are shown in Table 10. Cost of bulk feed bins are given 
in Table 11 . 
Table 10. Building and feed storage requirements for open fronted gr owing 
and finishing 
Total Age Pigs Growing Finishing 
Pigs Groups Per phasea Pens Barns Bins# Binsb Pens Barns Bins# Binsb 
156 2 78 0 0 0 o.o 2 1 1 6.4 
328 2 164 0 0 0 o.o 4 1 1 8.2 
516 3 172 9 1 1 4.2 4 1 1 8.2 
843 3 281 14 1 1 6.2 7 1 1 8.2 
1, 707 J 569 28 2 1 8.2 14 2 1 10. 2 
2, 712 6 904 46 2 1 8.2 22 2 1 10. 2 
3,651 6 1,217 62 4 2 8.2 30 4 2 10. 2 
4 ,626 9 1, 542 78 6 3 8.2 39 6 J 10. 2 
5,616 9 1,872 93 6 3 8.2 48 6 3 10.2 
7,443 9 2 ,481 123 6 J 8.2 63 6 3 10. 2 
aOne- third with sows , one-third grow, one-third finish. 
bsize in tons . 
Table 11. Cost of bulk feed storage bins by bin size 
Size in tons 2. 8 4.2 6.2 8.2 10.2 
Bin $194. 55 $255. 10 $286. oo $316.90 $347 .80 
Auger J0. 50 62. 70 62 . 70 62 . 70 62 . 70 
Motor 30.00 30, 00 30.00 30. 00 30. 00 
Ladder 15.10 17 . 25 21 .45 25 . 68 29 . 95 
Installation ;30.00 30. 00 30. 00 30. 00 J0. 00 
Total cost 300. 65 395. 05 430.15 465. 28 500.45 
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Grow unit dividers are 15 feet and the finish unit dividers are 28 
feet. Detailed cost figures are presented in Table 8 . Double fence line 
electric heated waterers are used in the grow and finish units . Budgeted 
waterer costs were presented in Table 4. A floor feed system i s used . 
While more expensive than a feeder system (see Appendix Table A? ) , a floor 
feed system is a must for a workable partially slotted floor manure dis-
posal system. Floor feed system number 1 Table A7 is used, although more 
expensive than the comparable sys tem, it is the only one which can ade-
quately move pellets . A complete summary of costs is presented in Tables 
A1 8 a.nd A1 9 in the Appendix for the growing and finishing phases of the 
open fronted system. 
Totally controlled environment gestation 
The totally environmently controlled gestation system is organized 
around a basic 10 sow pen which is 10 by 20 feet and has a dribble type 
automatic feeder . This feeder is designed to eliminate competition for 
feed among sows and while expensive should decrease sow injury from 
fighting for limited feed . The pen has a 50 percent slotted floor with 
1t inch per foot slope to the concrete slats. While 20 squar e feet per 
sow is s lightly more than the 15 r ecommended as a minimum, the feeder 
r equires about thr ee square feet per sow. These buildings unlike the 
open fronted buildings have a central alley for sow inspection and move-
ment . A summary of the building is given in Table 12 . 
Controlled gestation buildings are equipped with heating and cool-
ing devices in addition to the ventilation system. The complete s ystem 
along wit h completely insulated side wal l s and ceil ing is designed to 
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Table 12 . Totally controlled environment ges tation buildings, dimen-
sions, cost and f eed storage 
Sows Pens Bldg . Dimensions Cost/ft . 2 Feed tank 
25 4 1 4J x 20 $4. 00 2 . 8 
50 6 1 4) x JO J . 75 2 . 8 
75 8 1 4J x 40 J . 50 2 . 8 
125 14 1 4J x 70 J . JJ 2 .8 
250 28 2 4J x 70 J . 33 4 . 2 
375 34 1 43 x 90 3. JJ 6 . 2 
1 4J x 80 J . 33 
500 44 2 4J x 11 0 J . JJ 8. 2 
625 52 2 4J x 1)0 J . JJ 10. 2 
750 62 2 4J x 100 J . J3 8 . 2 
1 4J x 110 3.33 2. 8 
1,000 82 3 4J x 100 3 . JJ 4 . 2 
1 4J x 11 0 J . 3J 4 . 2 
maintain peak and trough heat between 85 and 45 degrees fahrenheit re -
gardless of season . The heating system consists of gas operated space 
heaters . The cooling device is an evaporator type cooler. While there 
is a question about cooler· effectiven ess with I owa ' s humidity, at least 
one farmer purchased one cooler and then later equipped all his s wi ne 
facilities with them . The fact that they are used in poultry houses in-
dicates that they might be used to lower the temperature the necessary 10 
to 15 degrees needed to aide the ventilation system in maintaining the 
temperature below 85 degrees . One eva porator i s required for each 35 
sows . Costs for t he f eed sys tem are itemized in Table 13. For complete 
annual budge t ed costs for the controlled gestation system see Ta ble A20 
i n the Appendix. 
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Table 13. Cost of controlled system gestation feeding equipment 
Item 
l:i:ach pen 
10 feeders 
Auger 
Down spouts 
Two-way outlet 
Average labor per pen 
Total per pen 
Depreciation 
bach building 
F'eeder switch 
Delivery system switch 
Time clock 
Motor 
Motor mount & hardware 
10 ft . lateral auger 
2- 90 degree corners 
Total per building 
Depreciation 
Environmentally controlled farrowing 
Cost 
$330.00 
11 . 40 
11.1 0 
9 . 25 
11.40 
.373 .15 
37 . ) 2 
65 . 00 
12 . 55 
33 . 00 
40 . 00 
17. 25 
11 . 40 
1~ . 20 
2 .4o 
28 .44 
Sows are farrowed in buildings which are similar in floor plan and 
equipment used in the open fronted system. The farrowing barn is fully 
insulated , ventilated , and has electric floor heated creeps in addition to 
heat bulbs for the pigs . Again floors are partially s lotted . Ea.ch pen 
is equipped with a creep feeder for the pigs and a nose cup waterer which 
can be used by both t he sow and the pigs . 
Stillbirths and crushing can be eliminated by 100% surveillance during 
farrowing . Preliminary stu:iies by Dr. Jurgens, I owa State Un i versity 
staff member, indicates that by using a pig nurser unit , starvation can 
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be almost eliminated . Table 14 summarizes the primary sources of baby 
pig loss. By having 100 percent surveillance and a pig nurser, still-
birth, overlaying , and starvation should be held to 5 percent. Us ing the 
average data in Table 14, indications are t hat pig losses can be cut by 
58 percent. Assuming an average delivery by cross bred sows of 13.51 pigs 
and 7 . 8 weaned without intensive care, t he projected i ncrease is .58 times 
( 13 . 5 - 7 .8) or 3 . 3 more pi gs per sow can be saved . By placing two pigs 
Table 14. Primary causes of pi g deaths by source 
Source 
Starvation and 
congenital weakness 
Crushed 
Stillbirth 
a1967 study , N=15 ; 
bi 968 study , N=14; 
c4 s easons. N=220 ; 
dAverage weighted 
eNone available. 
F'a.ull a 
23 . 2% 
18. 8% 
9. °*' 
source: 
source : 
source: 
F'aull 
Faull 
F'a.ull b 
18 . 5% 
12.)% 
8. 0% 
and Baker 
and Baker 
Stevermer ( 81 ) . 
Stevermerc 
( 17 ) . 
( 17) . 
42% 
15% 
e 
by N, assume variance equal . 
4~ 
15% 
8% 
1Mount (61 ) presents data indicating that gilts should farrow about 
11 pi gs . Field observers generally agree that sows will normally farrow 
1 to 1t more pi gs per litter. Omtvedt (71 ) reports that the cross bred 
s ows farrow 11 percent more pigs than purebred sows based on a sample size 
of 1, 700 litters. 
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in the nurser , the sow has 9 . 5 pigs and should raise 9. 1 . 1 The nurser 
experiencesabouta 20 percent deathloss . For each two pigs placed in the 
nurser, 1.6 should reach 35 pounds . With intensive care and a pig nurser , 
each sow should produce and wean 10. 7 pigs at 35 pounds . The nurser must 
be combined with complete environmental control to provide an incubator 
for the smaller, weaker pigs for the fir st 21 days. Cost of raising the 
additional two pigs in the nurser are given in Table 15. 
The cost of pigs placed in the incubator is zero since it is assumed 
that without this facility , they would die. The profitability of this 
machine is determined by whether it is cheaper to produce pigs by the nor-
mal means and handle extra sows or cheaper to produce them in the pig in-
cuba.tor. 
Costs per litter vary from about $852 to $110 (88) . With the possi-
bility of a 9 .1 average from sows, the cost per pig ranges from $9 . 35 to 
$12 .1 0. Using the $9 . 35 as the normative figure, the profitability of the 
machine below the 72 pig unit is doubtful . 3 The 36 pi g unit would cost 
about $9 . 20 compared to $9 . 35. At 72 pigs and above, the cost dr ops to 
under $7. 61, and the machine clearly demonstrates a profit . 
This study assumes a 9 .1 average at 75 sows and below and a 10. 7 
average at 125 sows and above . Costs are figured on the basis of t wo 
!Minnesota top producers weaned 9. 6 without the aid of a nurser (35) . 
2 rowa State University farm records . 
) Assuming ! 5 percent error in estimated costs . 
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Table 15. Mechanical baby pig nurser budget by number of pigs per uni t 
Pigs per unit 24 J6 72 144 
Buildinga $2 ,375. 00 $2 , 375. 00 $3 , 024. 00 $4 ,250 . 00 
Bldg . depreciation 
302 . 40 425 . 00 10 years 237 . 50 237.00 
Cost per pigb 1. 65 1.1 0 . 70 . 49 
Machine deliveredc 2 , 025 . 00 2 , 539 . 00 4 , 000. 00 7 , 000 . 00 
Ma.chine installed 18. 00 24. 00 48. 00 96. 00 
Subtotal 2 , 043 . 00 2 , 559 . 00 4 , 048. 00 7 , 096 . 00 
Machine depreciation 408. 60 511. 80 809 . 60 1 ,419 . 20 
Cost per pig per yr . d 2 . 84 2 . 37 1.87 1.64 
Total cost 
building & equip . /pig 4 . 49 3. 47 2 . 57 2 . 13 
Milk re placer .80 . 80 , 80 . 80 
Feed 1.1 0 1.10 1.1 0 1.1 0 
Utili ties . 60 . 40 . 20 . 20 
La.bor 2. 00 1.90 1.70 1. 60 
Dea th loss ~2 Ofo 1. 80 1. 53 1.27 1.1 7 
Total cost per pig 10. 79 9 . 20 7. 64 7 , 00 
acompletely environmentally controlled , capable of maintaining a 
cons tant 88 to 90 degrees . 
bc.i.e~reciation per yr. 
x pig per unit assuming 6 annual farrowings . 
cManufacturers F'OB retail price plus freight . 
dcost per year 
6 x pigs per unit . 
times the litters times $7 . 64 for units farrowing under 60 sows at one 
time and $7 . 00 for units farrowing over 60 sows at one time . Pigs are 
taken from the nurser when the other pigs are weaned . The farrowing 
buildings are summarized in Table 16. 
The cooling system for the farrowing buildings is a zone type air-
conditioner system. These systems have worked well in studies at Iowa 
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Table 16. Building and feed storage requirements for controlled environ-
ment farrowing 
Bins 
Sows Stalls Sows/barn Barns Dimensions Costa Number capacity 
25 14 14 1 22 x 42 $4 .00 1 2 . 8 
50 26 26 1 22 x 78 3. 50 1 2 . 8 
75 26 26 1 22 x 78 3. 50 1 2 . 8 
125 42 42 1 22 x 126 3. 33 1 2 . 8 
250 84 42 2 22 x 126 3 . 33 1 2 . 8 
375 136 34 4 22 x 102 3. 33 1 4 . 2 
500 176 44 4 22 x 132 J . 3J 1 6 . 2 
625 228 38 6 22 x 114 J . 33 1 4 . 2 
1 2 . 8 
750 264 44 6 22 x 132 3. 33 1 2 . 8 
1 6. 2 
1000 360 40 9 22 x 120 J . 33 1 2.8 
2 6 . 2 
State . This system prevents sows from overheating by directing a flow of 
cool air directly on the sows head. Cool air eliminates sow loss from 
overheating , makes them more contented , and i ncreases feed consumption. 
Whether there is an increase in milk flow and a corresponding increase i n 
weaning weight has not been shown. 
Environmentally controlled growing 
Since the growing fac ilities doubl e as nursery, an attempt was made 
to achieve an environment similar to t hat of the farrowing barn . These 
buildings are complet ely insulated , ventilated, cooled , and heated . A-
gain el ectric floor heat is used . Pens are approximately 8 by 15 feet 
with a maximum of 21 pigs each. The pens face each other in the con-
trolled system but there is no central alley. Central alleys are expen-
sive. 
)2 
Inspection areas should be near the slats as it is much more accu-
rate to determine the general health of a group of pigs by visually in-
specting their fecal material than by looking at the group of animals . 
Diarrhea accompanies many common swine diseases and is often t he firs t 
sign of problems. Ability to detect disease early while t he herd is 
still in good physical condition can eliminate disease spread to healthy 
animals . 
Evaporator type coolers are used to hold temperatures below 85 de-
grees . One JO inch fan cooler is alloted for each 90 head . Cooling is 
not nearly as important as heating in this phase since small pigs have 
more tolerance to heat than they do t o cold . 
Since the buildings are heated, cup type waterers are used with over-
head exterior water lines . Lines can be drained by depressing the nose 
valves for disuse in cold weather. Overhead lines decrease i nstall ation 
and maintenance costs . 
A floor feed system is used . Cost for the feed system in the grow-
ing and finishing systems are presented in Table 17. Table 18 provides 
budgeted cost for gates and dividers used in the confinement system. A 
summary of cos ts for the grow system is found in the Appendix Table A22 . 
Environmentally controlled f inishing 
The finishing system is designed to grow pigs from 11 0 t o 235 
pounds . It is ventilated , heated, cooled , and insulated . A gas space 
heater heats the buildings . Space heaters are less costly than floor 
heat i ng units and will do as good a job in the finishing units . An evap-
orator cooler is used with one JO inch cooler for each 50 finishing pigs . 
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Table 17. Costs for controlled system grow and finish feed ing equi pment 
Items Crow Finish 
Pen 
Feeders $ 20 . 00 $ 40. 00 
Chain & track 28 .88 50.40 
Hangers 2.65 5. JO 
labor g·oo 8. oo 
Subtotal 5 . 53 1OJ . 70 
Building 
Power unit J00.00 300. 00 
Swi t ch 240. 00 240 . 00 
180 degree corner s 90.00 90. 00 
Labor 90. 00 90 . 00 
Subtotal 720. 00 720. 00 
Table 18. Cos t f or installed pen dividers by width 
8 ' 14 ' 
Panel #1 $24. 00 $26. oo 
Panel #2 26 . 00 J6. oo 
Posts 9 . 60 9 . 60 
Post fittings 14. 25 14.25 
Installation 12 . 00 12. 00 
Total 85. 85 97 .85 
Amort i zed for 5 years 17 . 17 19. 57 
10% discount per year 1. 72 1.96 
25% discount per year 4.29 4 .89 
Finishing pens are 14 by 28 feet, 50 percent slatted, and allow 10 
sq uare feet per head . With larger pens fewer partitions were needed and 
waterers were cheaper to install since two cups were placed side by side . 
The growing and finishing operations are summarized in Table 19 . Total 
hous i ng and equipment costs are given in Table A23 in the Appendix. 
Ta ble 19. Building and feed storage requi rements f or controlled environ-
ment growing and f inishing 
Total Age Pigs per Grow Finish 
Pigs Groups phase Pens Barns Bins Size Pens Barns Bins Size 
200 2 100 6 1 1 2.8 4 1 1 6 . 4 
400 2 200 10 1 1 4.6 6 1 1 8 . 2 
628 J 209 10 1 1 6 . 2 6 1 1 8 . 2 
1,220 J 407 20 1 1 6 . 2 10 1 1 8 . 2 
2 ,471 3 824 40 2 1 8 . 2 20 2 1 10. 2 
J , 852 6 1 , 284 64 4 2 8.2 32 4 2 10. 2 
5 , 136 6 1, 712 88 4 2 8 . 2 44 4 2 10. 2 
6 ,548 9 2,183 108 6 3 8 . 2 54 6 3 10. 2 
7 , 800 9 2 , 600 132 6 3 8 .2 66 6 J 10.2 
1 o,4oo 9 J , 467 174 9 1 6 . 2 90 9 1 8 . 2 
4 8 . 2 4 10. 2 
Breeding Livestock 
The livestock variables consists of the third and fourth columns in 
the gestation array. The third variable, xK03 , in the input array is the 
femal es and t he fourth variable, xK04 ' is the boars . No specific budgets 
are included f or br eeding livestock. Input coefficients are presented 
in Tables A31, A55, and A79 in the Appendix . The negative coefficients 
in Tables A55 and A79 reflect the profit per head for handling sows . 
Unit costs are found in the same colwnns in the price array presented in 
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Tables A33, A57, and A81. The capital required for the livestock is in-
eluded in the capital variable . 
Pasture vs . , confinement 
The use of the livestock variable is quite different between the 
pasture and confinement systems . The pasture system farrows only gilts . 
Boars are sold after the breeding season at a weight of about 275 pounds 
and a price of $13 per hundred weight or $35 . 70. With a purchase price 
of $150 , there is a l oss of $114 . 30 per boar each year for the pasture 
system. Divided over about 12 sows, the loss is $9 . 52 per sow. By com-
parison, the confinement system uses boars for two years and sells them at 
about 475 pounds at $12 per hundred weight or $57 per head . The confine-
ment system loses $93 per boar or $46.50 per year compared to $114 . 30 for 
the pasture system. Since sows are bred more often in confinement , boars 
can be used on more than one group . The lightest load for t wo boars is 
25 sows on pasture while the heaviest is 14 boars for 1,000 sows in con-
finement . About 10 percent of the boars are held in reserve to i nsure 
thatshoulda boar become sick or injured another is ready. Boars are 
semen checked before breeding . A mounting dummy can be constructed for 
$100 , and a veterinarian has the equipment and knowledge to judge normal 
semen . While infertility is small , ~ow sperm count during breeding due 
to general poor health can have the same effect as infertility. Increased 
settling percent should make semen checking profitable. 1 
1Breeding records from a large Missouri farm indicate 9 out of 10 
boars would settle 7 to 10 sows but the remaining 10 percent would settle 
0 to 5 percent. 
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Gilts f rom the pasture system are selected from each years ' produc-
tion and held until the breeding season , Having farrowed in the spring , 
gilts a r e sold as soon as their milk flow has ceased and t heir udders re-
turn to normal , First litter gilts are sold at about 325 pounds for $15 
per hundred weight or $48 , 75 per head , By comparison, sows are normally 
marke ted at 400 pounds for $14. 25 per hundred weight or $57 per head. 
Sows are not replaced annually but are replaced at the end of six litters 
or before as needed. 
Experience f rom sow l easing arrangement1 would indicate that it is 
profitable to keep only about 60 percent of the sows for the f ull six 
litters . Disease, injury, and reproductive abnormalities cause early 
culling , Sale of sows caused by disease and injury is about five percent 
annually. The percent sol d because of structural abnormalities will be 
discovered in the fi r st and second litters.2 Undesirable traits will be 
exhibited during the first and second litter as well, so t he highest cul-
ling percentage occurs at this time, The distribution of replacements 
are presented along with the generation interval in 1able 20. Forty- four 
percent of the sows are replaced each year. The average time a sows 
spends in t he breeding herd i s 2,275 years. 
1company 's name withheld by request. 
2The second is included here because only one horn would cause f our 
to six pi gs and would not be confirmed until the s econd litter. 
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Table 20 . Culling rate and average time in herd confinement systems 
Sold after Percent sold Years in herd 
First litter 15 . 5 
Second litter 10 1.0 
Third litter 5 1.5 
Fourth 11 t ter 5 2. 0 
Fifth litter 5 2. 5 
Sixth litter 60 J.O 
Total 100% 
Average replacement 
aTotal weighted average is the number of years in herd . 
brnverse of 2. 275 . 
Gilts vs ., sows 
Weighted Ave. 
. 075 
. 100 
. 075 
.1 00 
.125 
1. 800 
2 . 275a 
. 44ob 
It is argued that the cheapest cost of breeding s tock is gilts be-
cause of capital gains. Under what conditions this argument is valid can 
best be explained by the total cost model . 
and 
Where : 
TCi = YiPpiXpi - PsiXsi + iR(PsiXsi ) + Bi 
TC = tVPpjXpj - PsjXs j + tR(PsjXsj ) + Bj 
TC = Total cost per litter 
Pp = Price paid for breeding animal 
XP = Weight of animal purchased 
Ps = Pr ice received for animal sold 
Xs = Weight of anima l sold 
R = Tax r ate 
B = Cost of boar usage 
1. 
2 . 
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V a Amount of breeding herd sold annually further defined such 
that 1 .,. v > 0 
i • Gil ts 
j Sows 
From equation 1, the cost of gilts used as a source of breeding fe-
males is equal to the number of times animals are sold annually times the 
purchase price , less amount received from the sale , plus capital gains 
taxes paid, plus cost of boars used . Equation 2 expresses the same rela-
tionship as equation 1 except sows are kept longer than s ix months ; so , 
for comparison the sow cost must be calculated for half a year . 1 Since 
rsXs is saleable breeding stock over twelve months of age , it falls with-
in the boundaries of Section 1231 Internal Revenue Code of 1964 as ammend-
ed incl uding Public Law 91-172 . 2 As taxable capital gains only one- half 
of the breeding stock sale need be reported as income . Thus , tR(PsXs ) 
equals the capital gains tax paid . 
Case I PPXP - PsXs + tR(P5 Xs) + R > 0 
then V = 0 is optimal. 
J. 
If there is a cost assoc iated with breeding stock regardless of gilts or 
sows, then the lowest velocity will gi ve the lowest cost . Therefore , 
sows are the more profitable and should be kept as long as possible , 
4. 
1Had V varied from 0 to 2 then t would not have been necessary. But 
V = 2 could be interpreted as selling the same gilt t wice. 
2Public Law 91- 172 does not change the capital gain provisions with 
r espect to swine for breeding purposes as defined . It does not change the 
method of computation for corporations and certain individuals , Section 
1201 amended , but does alter the maximum rate , 
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If breeding stock cost is zero for sows and gilts then there is no dif-
ference between gilts and sows . 
5. 
and Ppixpi - Psixsi + t R(Psixs 1 ) + B1 < Ppjxpj - Ps j Xs j + 
tR(Ps .X .) + BJ· 6. 
J SJ 
Then V • 1 i s optimal . 7. 
In case II I gilts are sold at a prof it and that prof it i s greater than 
the prof it made on the sows . Using all gilts will maximize the profit on 
breeding stock and lower overall production costs . Total cost is nega-
tive indicating that there are profits from buying and reselling . 
Case IV PpiXpi - PsiXsi + tR(PsiXsi ) + B < 0 8. 
Ppixpi - Psixsi + t R(Ps1Xs1 ) + Bi > Ppjxpj - PsjXsj + 
fH(Ps j xsj ) + Bj 9. 
There is no unique s olution f or this case . There are profits for sel ling 
gilts but more profits selling sows. The solution to case I V depends on 
the particular values used . 
Given : 
v . .. . 44 
J 
Ppixpi = Ppjxpj = Y 
Bi IC $9 . 52 
B · • $1. 55 
J 
R -= . 22 
Psixs i "" $48 . 75 
PsjXsj - $57 . 00 
There is s ome cost of breeding s tock which will equate both syste ms . 
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That cost is given by the equation 
[ J l ~ Vi ppiXpi PsiXsi + t R(PsiXsi ) + Bi a 2VjlPpjXpj -
Psjxs j + tR(Psjxsj) + Bj] 1 o. 
Substituting and solving 
(Y - 48 . 75 + 5. 36 + 9 . 52) • t( .44) ( Y - 57 + 6.27 + 1.55) 11 • 
• 78Y a 23 . 05 12 . 
y - 29 . 55 13. 
Assuming case IV and values justified in earlier presentations, the 
point of common solution is $29.55 . At a purchase price above $29 . 55 
sows are a cheaper source of breeding s tock than gilts . At a price below 
$29 . 55 gilts are the cheaper source . Table 21 shows the results by vary-
i ng the cost of breeding stock . 
Table 21 . Effects of changes in cost per head of feasibility of gilts vs., 
sows as a s ource of breeding females by type 
Cos t per Head 
$15. 00 
20. 00 
25 . 00 
29. 55 
30. 00 
40. 00 
50. 00 
Giltsa 
-18 .87 
-13.87 
- 8 . 87 
- 4 . 32 
- 3 . 87 
+ 6. 13 
+16.1 3 
Sows a 
- 7 . 52 
- 6. 42 
- 5 . 32 
- 4 . 32 
-4 . 22 
-2 . 02 
+0.1 8 
aThe figures are negative s ignifying cost decrease caused by a profit 
on the sale. 
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The primary difference between the model presented and similar anal-
ysis in current publications is the boar variable . Boar costs should be 
included but they vary from f arm to farm. Some f armers may have repur-
chase agreements where boar costs are shared jointly with another pro-
ducer. If the boar variable is dropped, the cost which equates sows and 
gilts in Table 21 rises to $41 . ?6. By placing a value of $39 . 60 or 18 
cents times 220 pounds , the correct conclusion , assuming case IV , is 
that it is more profitable to farrow gilts, The model does not include 
a variable for litter size because the number of pigs weaned is more a 
function of management than of litter size , The hypothesis of this dis-
cussion is that case IV is the general case, Given specific prices and a 
given velocity, an optimal s olution does exist for each f arm, 
Cost used 
Although raised on the farm , each replacement gilt costs $50 per 
head, Thi s cost includes charges for the record keeping, the we ighing , 
and the probing necessary to maintain a competitive breeding program . 
Gate cut gilts result in uneven and nonmarket oriented production which 
sell at a discount . The additional cost of a good program means an ad-
ditional 10 to 50 cents per hundred at market, The investment of $10 
per head in selection costs returns $20 for each ton litter produced with 
a 10 cent increase in price per hundred weight. Given the $50 cos t and 
the selling prices discussed earlier, each gilt sold costs $6,61, but 
each sow sold returns $ , 73, boar costs excluded . 
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Breeding management model 
Disease control under continual farrowing is virtually impossible . 
A program of preventive medicine and sanitation can be established by 
breeding females for one estrus period . Using this technique , all pigs 
will farrow in a three week period. Gilts should be exposed for 23 
days , but sows will breed from two to ten days after weaning. Sows weaned 
at the same time will farrow within a week of each other on succeeding 
litters. Unfortunately in practice , unbred sows remain undetected in the 
herd for some time and culling these sows cause groups to become uneven 
and buildings left idle . By breeding more than the number required to fill 
the farrowing baITI on the initial breeding , and then using catch boars at 
the same time the next group is bred , grouping becomes successful . 
Sows in each group can be calculated using the following model pr e-
sented in equation 14. 
where 
Given 
then 
X = f ( C) 
C ~ Conce ption rate 
X Q Sows farrowed 
N = Total number of sows 
G = Groups of sows 
(G-1 ) ~ Number of groups not farrowing 
X(G-1) =Number of sows not farrowing 
N-X( G-1) = Number of sows bred on the first breeding 
By relating the variables above, the model takes the form 
X = C[N-X (G-1 ) ] 
expanding and collecting terms 
14. 
15. 
43 
x - ex + CXG = CN 
Solving for X 
X .,. CN 
1 - C + CG 
lt follows from equation 17 that t he number of sows to be br ed are 
N - X(G-1 ) = X '(; 
From equation 18 the number i n each succeeding group is 
X(G- 1) 
G-1 
N - X = ---G-1 
16. 
17 . 
18 . 
19 . 
Assumi ng three gr oups , 125 sows, and a 70 percent conception rate, 
groups can be or ganized us ing equations 17, 18, and 19. Sows farrowed 
are computed by subs tituting in equation 18. 
X • 0.?(125) m 36 
1 - 0.7 + 0.7(3) 20. 
Sows bred are computed by s ubstituting in equation 19. 
! = 2.£ = 51 
c • 7 21. 
Sows in each succeeding gr oup are calculated using equat i on 20. 
N - X = 125 - 51 = 37 
G-1 2 22 . 
By breeding 51 sows , 36 will farrow and the remaining 15 will be 
rebred by the catch boar with the next group . Succeeding groups have 
37 and with a cons i stent concept ion r ate 36 or 37 sows will farrow each 
time . Sows failing to rebreed are marketed and replaced with gilts . 
Using this rebreeding technique 11 0 of the 125 farrow each s ix months for 
a farrowing rate of 88 percent with a conception rate of 70 percent. 
Breeding 
Breeding in the pasture system is uncomplicated. Sows are pen bred 
in the gestation pens using t wo boars for each 25 sows . If possible , 
boars are purchased six weeks before breeding. After three weeks , young 
boars are allowed to breed some cull gilts . Boars are flushed so that at 
breeding both boar s and gilts are in top general health . Above 50 gilts 
only half as many boars are needed since gilts are bred to in April and 
J une . Since there are two breeding periods , two boars will breed 50 
gilts . This system a verages a 70 percent conception rate . 
Sows are bred in the gestation barns in the open fronted system . 
Using one boar and pen breeding results in lowering the conception rate 
slightly . Two boars per pen requi res too many boa.rs for ten sows and gen-
erally poor results have been recorded in gestation systems wi th many 
over ten sows to the pen . The conception rate is held at 70 percent. 
Breeding grouping and boars r equired are given in Table 22 . 
The breeding schedules and boar requirements in the controlled sys-
t em are similar to the open f ronted system . Because the environment is 
controlled the conception rate is 80 percent. The number of groups at 
each leve l and boars required are presented in Table 23 . 
Breeding scheduling 
Besides an efficient grouping and catch breeding plan , an efficient 
schedule of breeding is necessar y if grouping is really successful . 
Scheduling will be explained using J ulian dates. The fi rst fact consid-
ered in plann ing the group breeding plus catch breeding program i s that 
t he f emales ' estrus cycle is 21 to 23 days . A s uccessful catch breeding 
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Table 22 . Breeding groups and boar requirements for open f ronted system 
No . No . Group Other Not No. Boar 2nd Boar 1st Total 
Sows Groups No . 1 Groups Bred Farrowed Breeding Breeding Boars a 
25 2 15 10 5 10 1 1 2 
50 2 29 21 8 21 1 2 J 
75 3 31 22 9 22 1 2 3 
125 3 51 37 15 J6 2 4 6 
250 3 104 73 J1 73 3 7 10 
375 6 85 58 27 58 3 6 9 
500 6 11 0 78 32 78 4 8 12 
625 9 97 66 31 66 3 7 10 
750 9 11 0 80 30 80 4 8 12 
1000 9 152 106 46 106 5 11 16 
a Includes 10 percent reserves in case of injury during breeding . 
Table 23. Br eeding groups and boar requirements for controlled system 
No. No . Group Other Not No . Boar 2nd Boar 1st Total 
Sows Groups No. 1 Groups Bred Farrowed Breeding Breeding Boars a 
25 2 14 11 3 11 1 1 2 
50 2 28 22 6 22 1 2 3 
75 J 29 23 6 23 1 2 3 
125 3 49 J8 11 38 1 4 5 
250 3 96 77 19 77 2 8 10 
375 6 75 60 15 60 2 6 8 
500 6 100 80 20 80 2 8 10 
625 9 85 68 17 68 2 7 9 
750 9 102 81 21 81 2 8 10 
1000 9 136 108 28 108 3 11 14 
a Includes 10 percent reserves in case of injury during breeding . 
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program i s in a multiple of the estrus cycle. Second, sows will exhibit 
estrus three to e i ght days after weaning. The shorter the nurs ing period 
the longer the time until estrus . Third , the weaning of sows group them 
t ogether. Weaning must be a multiple of 21 so that groups will be syn-
chronized for catch breeding . Finally, sufficient time for cleani ng , 
disinfecting, and general maintenance of the farrowing barns is planned 
be tween weaning and farrowing. The basic s chedule for breeding is devel-
oped f or three groups of sows for six annual farrowings in Table 24. 
Table 24 . J ulian date farrow-breeding schedule s ix annuala farrowings , 
three gr oups of sows 
Gr oup Sowsb 
1 1-7 
2 63- 70 
3 126-1 33 
1 189- 196 
2 252- 259 
3 315- 324 
Gilts 
1-23 
63- 89 
126-149 
189- 212 
252 - 275 
315- 38 
To barn Farrow 
11 0 112-135 
173 175-1 98 
236 238- 261 
299 301-)24 
362 364- 22 
60 62- 87 
Weanc 
164-170 
227- 233 
290- 296 
353- 359 
51- 22 
114-120 
acycle actually requires 378 or 13 days over a year. 
Cleand Drye 
164-171 172 
227-234 235 
290-197 298 
353- 360 361 
51- 58 59 
114-121 122 
bsows will farrow within eight days and will cycle to rebreed with 
the next group. 
csows only and 1/3 each two days s o that estrus will be staggered for 
better boar utilization , Gilts will be moved to the grow unit with their 
litters and weaned three weeks later. 
dcl ean and perform maintenance in pens as they are emptied even 
t hough the barn is not empty. Di sinfecting s hould be done after the en-
tire barn is empty and clean . 
eAssume breeding on second estrus for sows , first for gilts and four 
days f r om weaning to estrus . Estrus is 21-23 days . 
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With the schedule presented in Table 24, pigs from first litter gilts 
may be too young for weaning, I.ate farrowing gilts and their litters can 
be moved to the grow units and housed there for another three weeks, 
Af ter 22 days , the late litters can be weaned and the gilts bred during 
first estrus, Since the rest of the sows are bred on their second estrus , 
the sows and the first litter gilts can be bred together, 
Having once completed a Julian date calender, the Julian date of the 
first group is added to each number in the table to get the Julian date 
for each operation, By adding the Julian date and subtracting if more 
than 365 (366 during leap year), the table is updated from year to year . 
The six group systems use the same schedule but the second half of the 
sows lag the first half by 22 days . Breed ing occurs at first 22 and then 
44 day intervals . With nine groups the schedule remains the same but now 
there are three groups of three and breeding occurs each 22 days , 
Repairs 
The repair variable is defined as the annual cost of maintenance of 
buildings and equipment, The repair variable is the fifth variable in 
the matrix . Reasons for considering repairs after livestock in the model 
will be discussed under the finance variable, Repairs are a function of 
the amount of buildings and equipment used and the amount of annual use , 
Repairs should i ncrease with age of inputs used , In this study, varying 
ages are assumed so that an average age is used, A constant rate of 3,5 
percent of investment in buildings and equipment is charged, 
Repair costs vary from enterprise to enterprise and between items of 
equipment . According to a Kansas stl.Xiy (35) repair costs associated with 
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planting equipment average 1 to 1t percent compared to five pervent on a 
truck. Apparently, farmers believe that losses of time at planting de-
creases yields enough that they purchase new planters before the old one 
wears out . By keeping new machinery, time loss connected with repairs 
is eliminated. By the same reasoning trucks, a ma.chine not normally 
associated with timely operations , are kept longer. Trucks are also used 
more frequently than planting equipment. Studies using 1 to 1t percent 
for crop farms are realistic. However, specialized hog farms will use 
machines and buildings more frequently and timeliness is not as important. 
A loss of 48 hours use of a feed delivery sys tem and feed mill is not as 
critical as the same use loss of a corn planter. A tractor , wagon, and 
a man with a scoop shovel will substitute f or the feed delivery system 
and feed can be custom ground. Because there i s little critical time 
stress and relative ease of substitution, swine building and equipment 
should have a higher repair cost. 
Coeffic i ents for the repair variable can be found in the Appendix 
Tables A)l through A98 by system and phase. Prices for repairs vary by 
s i ze of operation . large operations have discounts which cause their re-
pair expense to be less. Price discounts are given in the price ma.trices 
tables AJJ through A100 in the Appendix. 
Disease 
The disease variable includes those costs incurred in treating and 
preventing disease. Costs are broken into pharmaceuticals, feed addi-
tives, disinfectants and veterinarian expense. Pharmaceuticals are those 
products injected directly into the animals. For example , in gestation 
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all sows are vaccinated a minimum of three weeks before breeding for lep-
tospirosis and erysipelas. Pigs are vaccinated for erysipelas in the grow 
stage. After farrowing, sows receive a 10cc dose of penicillin-strepto-
mycin combination as a preventitive measure against metritis. The pharma.-
ceuticals also include chemicals administered in the drinking water . Feed 
additives incltrle products added to feed for health purposes, ASP-250 , 
tylosine, or t ylan-sulfa forexample. Feed additives add $12 per ton when 
used. All fl ushing rations are medicated, Feed in the growing ration and 
some feed in the finish ration for operations over 125 sows is medicated , 
Sows are wormed in the growing phase in confinement, At least one relia-
ble company manufacturing wormers recommends worming several weeks be-
fore farrowing as a method for decreasing stillborn pigs , The product 
used has not had sufficient time to receive supported testing! so it is not 
used. Pigs are given in jectable iron before seven days of age . Baby pig 
starter rations are also medicated . Costs are summarized in Table 25 . 
Table 25 . Cost of animal health products 
Wormer sows 
Wormer pigs 
Disinfectant 
Erysipelas 
Leptospirosis 
Pen- strip 
Feed medication 
aAssume lOcc dose. 
$ . 05/head 
. 01/head 
J .17/gallon 
, 07/head 
. 07/head 
.2J/head.a 
12.00/ton 
1 Reports from NorthcarolinaState University (3) are favorable. 
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By purchasing direct from warehouses in case lots, operations with 
over 400 litters annually can save about 35 percent . Since feed addi-
tives are a part of the feed , there is no difference in cost associated 
with the size of the operation . Veterinarian expense is the cost of 
veterinarian services. Large operations have as a minimum a weekly in-
spection by a veterinarian. 
Power Variable 
The power variable is the total cost of gasoline, electricity , and 
gas to provide energy for heating , lighting, moving feed , cooling , and 
ventilating the three systems. Coefficients are developed f rom actual 
data if available; however, actual farm electric costs for specific en-
terprises are not available in sufficient quantity for meaningful inter-
pretation . Thus , electric costs are developed from engineering specifi-
cations by using the rate usage times the number of hours necessary to 
perform the operation . For example, the electric cost of using a 250 
watt heat bulb continuously for seven days a month is 250 watts times 24 
hours , times seven days , divided by 1000 (kilowatt hours per month ) , 
times 11.51¢ per kilowatt hour. Since the power coefficie nt includes all 
power , the cost of operating tractors , trucks, and feed systems are to-
taled. See Appendix Tables A25 through A26. 
Price discounts reflect savings from purchasing in quantity . There 
is no savings in the purchase of power except electricity. The savi ngs 
as el ectric used increases is quite dramatic . There is a minimum charge 
for each level of transformer; then the rate gradually decreases as the 
amount used increases . Rates differ from area to area, but the ones used 
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as summarized in Table 26 below are actual prices in rural central Iowa . 
Table 26. a Electric rate structure per kilowatt hour and per month 
Rate/KWH Monthly charge 
5 KVA Transformer 
$J . 50b First 40 KWH/Mo . $ . 1151 
Next 60 KWH/Mo . . 0350 2 . 10 
Next 100 KWH/Mo . • 0260 2 . 60 
Over 200 KWH/Mo . • 0170 
7. 5 KVA Transformer 
6. oob First 40 KWH/Mo. . 1151 
Next 1J5 KWH/Mo . . 0350 4 . 7J 
Next 100 KWH/Mo . . 0260 2. 60 
Over 275 KWH/Mo . . 0170 
10 KVA Transformer 
B. 5ob First 40 KWH/Mo. .11 51 
Next 210 KWH/Mo . . 0350 7. J5 
Next 100 KWH/Mo . . 0260 2 . 60 
Over 350 KWH/Mo. • 0170 
aprivate communication with central Iowa power company . Name with-
held by request . 
bMinimum bill . 
Pasture system 
Pasture systems ' primary power needs are supplied by a tractor. It 
is used for feeding and hauling manure for the gestation phase . The 
tractor is also used in all phases of production for fence building . 
Heating needed to prevent the water system from freezing is s upplied by 
electricity. A 5 KVA transformer is sufficient for the first five levels 
of production and a 7. 5 KVA is required for the last five. Costs for the 
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pasture system are summarized in Table A24 in the Appendix. 
Qpen fronted system 
In the open fronted system electricity is the primary source of power. 
The automatic feed systems are powered by electric motors. Like the pas-
ture system, electric heating wiits are used to heat the waterers.1 Hogs 
in confinement have a tendency to play with any item that has moving 
parts. With this trait they have a marked tendency to destroy waterers. 
Because of this destructive tendency, electricity offers less risk to 
buildings. Gas is used in the farrowing barn to provide supplemental 
heat. Without some form of supplemental heat, farrowing would be impos-
sible during winter months . Though heat is added this is the only attempt 
to alter the environment. A 250 watt heat bulb is used on each litter for 
7 days. This adds warmth and draws the pigs away from the sow prevent ing 
crushing. Power costs for the open f ronted system are listed in Table A25 
in the Appendix. 
Controlled system 
The power variables in the confinement systems are very similar. 
The controlled system needs no heating for waterers because buildings 
are heated . The power requirements for the feed system and lights are 
almost identical. 
Gas is used for heating in the gestation and finish phases. Electric 
heating pads poured in the concrete are used in the farrowing and growing 
1At lowest rates, electricity is as economical as natural gas for 
this purpose. 
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phases . The cost of this system varies slightly on a per pig basis and 
the heat is placed in an area on and 12 inches above the floor where the 
pigs live . Floor heat is also more constant . Gas heated hot water 
f loors are fairly competitive from a cost standpoint , but if the build-
ing or part of it i s left unoccupied during the winter months , preven-
tion of damage to the system is almost impossible . With the electric 
units, certain pens can be used or an entire building abandoned for any 
period of time without f ear of damage to the heating s ystem. In the 
gestation and finish systems, heat immediately around the animal is not 
as important due to the huddling advantage . 
Coefficients in the controlled system were particularly difficult to 
develop. Without cooling ventilation must be higher than with it. More 
technical inter-disciplinary research among engineers , economists , and 
animal scientists is needed to determine profitable environmental rela-
tionships . 
Feed Variables 
Feed variables are the feed in tons necessary to produce the pro j ec-
ted pounds of pork . There is one variable for each ration f ed. Price 
vari ables are the cost of the feed in tons. Liquid systems are not deemed 
feasible as will be explained later. Hodson (38) reports that pi gs f ed 
pelleted feed were 0. 28 more efficient in f eed conversion than pigs fed 
meal . Studies in popular magazines consis t ently show about 10 percent i m-
provement in feed eff iciency due t o pelleting . Pellets are not efficient 
i f ground into meal in long auger feed systems . If pellets are used they 
must be handled by conveyer. 
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Feed preparation 
Feed is purchased, delivered, ground, and mixed . Feed grinding , mix-
ing , and delivering are part of the vertical alignment which includes 
corn raising , storage, transportation, and grinding , If a hog raiser 
finds that he can profitably perform these activities himself (a common 
historic arrangement ) , he will integrate. Cost advantages are from inte-
gration. Profits from the feed-mi xing activity are not associated with 
the swine enterprise . Feed grinding , mixing, and delivering costs are de-
scribed in Table 27. 
Table 27. Costs per ton of feed for processing, del ivering, and handling 
Transportation 
Grinding 
Storage 
Supplement 
Miscellaneous selling expense & profi t 
Total 
$ 4.oo 
2,40 
J . 70 
15.00 
10. 00 
J5 .1 0 
A farmer can sell corn for $40,70 per ton and buy it back as feed six 
months later at $75 . 80 a ton, He can also store it on the farm elimina-
ting the transportation costs, grind it, and then feed it, The cost of 
this ton of feed is $61.80. The difference is the $10 profit and $4 sav-
ings in transportation costs, The savings is a profit from vertical inte-
gration , Further discussion of vertical integration is beyond the scope 
of this study, 
Market weight 
For the past several years hogs 220 to 240 pounds have equaled or 
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exceeded terminal market price for U. S. No. 1, 200 to 220 pounds. Al-
though sparce, research suggests that hogs in the 220-240 pound range 
will supply pork at a lower cost than the 190 to 210 concept of the last 
decade. First, studies summarized in Table 28 completed at the University 
of Missouri (5) suggest that it was economical for both the farmer and 
the packer to take animals at higher weights . Christian (10) reports 
a similar study with supporting results summarized in Tables 29 and 30. 
Table 28. Gain efficiency , and carcass data by weight groups, Missouri 
1969a 
Weight groups 
Age at slaughter 
( in days) 
Ave. da . ga. 
Feed/lb. ga. 
Dressing percent 
Loin eye area 
Percent lean cut 
Feed cost/lb. 
210 
230 
188 
1.54 
J.80 
72 .40 
4.44 
51.80 
$12 .80 
aSource: Baker (3) . 
230 
250 
196 
t.63 
J . 76 
73 . 10 
4.56 
50. JO 
$12.60 
250 270 290 
270 290 )10 
208 219 233 
t.6J t.62 1.54 
3. 76 3. 75 3. 80 
73 . 10 7J . 80 ?4 . 90 
5.13 5. 32 5.52 
50. 60 49.70 49 .40 
$12.35 $12 . 21 $12.30 
The Iowa study found no significant difference in percent ham and 
loin, nor in a verage daily gain . The Iowa results were more efficient 
than the Missouri results and indicated that it would be profitable to 
feed the lean pigs a l lffo ration to 170 pounds based on two cents per pound 
for corn and f our cents per pound for soybean oil meal . This finding is 
in contradiction of current extension recommendations and work done by 
, 
Table 29. Average growth rate , f eed e f ficiency , carcass data , slaughter 
we i ght , and prote in l evel , I owa 197oa 
Live weight l bs. 
Percent prote in b 12 
Ave . da, ga i n l b. /da . 
Lean strain 1.97 
Fat s train 1.91 
as ource : Christian (10). 
bN == 96 . 
200 
16 
1.96 
1.81 
2JO 260 
12 16 12 16 
1.80 1.78 1.89 2. 00 
1.90 1.86 2. 08 1.96 
Table JO. Average growth rate , feed efficiency , carcass data, s laughter 
we i ght, and prot ein level , Iowa 197oa 
Li ve weight l bs . 200 2JO 260 
Percent pr otein 
Ave . gain l b, / da . 
12 16 12 16 12 16 
Lean s train 1.97 1. 96 1. 80 1. 78 1. 89 2, 00 
Fat strain 1.91 1.81 1.90 1.86 2. 08 1.96 
Feed eff iciency 
lbs . / lb ga , 
Lean strain J .60 J . 30 3. 76 J ,46 4,14 J . 59 
Fat s train J . 82 J . 92 4. J2 J . 92 4. 11 4. 08 
Ave , backfat inches 
Lean s train 1.26 1.27 L J2 1. J8 L.54 1.57 
Fat s train 1.JO 1. J9 1. 53 1.40 1. 90 1. 75 
Loin eye area 
Lean strai n 5. Jl 5.21 5, 74 5.5J 5. 62 5, 61 
Fat s t rain 4.48 4. J8 4, 50 5,25 5. 09 4. 77 
Percent han and loin 
Lean strai n 41 . 62 41. Jl 41. JO 41 , 72 J9 . 70 J8. 7J 
Fat strain J9 . 58 38,98 39 .2J 36. 00 J6. 85 J8. 02 
as ource: Christian ( 10). 
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Schluter (75) . What the actions of the packers and the studies suggests 
is that the genetic change to the meat type hog has altered the prote i n-
carbohydrate substitution . 
Packers' costs are based on the number of animals slaughtered per 
day . Their returns are based on the pounds of pork that the slaughter 
produces . By slaughtering a 2)5 pound hog yielding 50 percent instead of 
a 210 pound hog at 51 percent , packers can increase t heir yield of sale-
able pork seven percent without changing their slaughter ing costs . Thus , 
it is not s urprising to find u. s . D. A. No . 2 and J 220-240 pound hogs top-
ping the market at t he terminal markets. 
Top producer s ' animals are reaching 210 pounds in four to f ive 
months . Sows cycle a litter in fi ve to six months forcing finish facil-
ities to be empty at least two wee ks longer than necessary. Prod ucers 
can carry the pigs to the 2)0 weight with only modest ( .1 6 pounds of f eed 
per pound of gain in the Iowa study) decrease in feed effi c iency . Based 
on the genetic change of the meat type hog , slaughter weights should in-
crea se in the future. High quality hogs can currently be carried to 
we ights of 235 pounds profitably . 
Sow f eed requirements 
Gilts need 4.2 pounds of feed per day in a 50 degrees Fahrenhe it 
controlled e nvironment (J) . Protein level does not effect the litter 
size but has a positive correlation with milking abili ty. For the pur-
pose of this study gilts and sows are assumed to be fed a 16% ration. 
Sows are overfed protein because of the difficulty in handling two sow 
rations . Tolett ' s f ormula i s that feed intake for maintenance equals 
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a bout 1.25 percent of body weight . A J50 pound sow needs about 4. J8 
pounds of feed for body maintenance. Sows are fed four pounds per day 
during the firs t 2/J of thei r term and fi ve pounds pe r day during the last 
1/ J . The increase during the last part of the term is to i nsure adequate 
fetal growth since it is known that about 2/J of fetal growth occurs dur-
ing the last 1/J of the term. While four pounds may be slightly less than 
required , it will insure lean sows at farrowing . Field observations indi-
cate that lean herds have better weaning averages than heavy herds . 
Grummer et al. (22 ) reports that sows • performance is not effected neg-
atively by limit feeding in the four to f ive pound area . 
Table Jt . Res ults of limit feeding sows , Wisconsin 1965-6'78-
1965 1966 1967 
Num ber of sows lJ . 00 18, 00 19 . 00 
Ave . da , feed lbs. 5. 10 4 ,80 5.10 
Total ga . (yearling) 127.00 70, 00 46, 10 
Total ga . (mature ) 54 , 00 114. 00 64.oo 
Total ga , ( nonpreg , ) 0, 00 18.50 26. 00 
Ave. no . pigs born 10.20 10.20 9. JO 
Ave, birth wt. 3. 10 J . 00 2. 60 
Total ave , feed cost $16. 66 $15. 76 $14. 42 
as ource : Grum.mer e t al. ( 22) . 
Ave . 
5. 00 
81. 00 
77 , 30 
22 . 20 
9 .90 
2 .90 
$15. 61 
Wallize et al. (96) r eport that animals in Iowa winter requi re 70-
80 pounds mor e feed than in summer , spring , or fall. Van Arsdall (93 ) 
reports that sows need one pound of feed more in winter. This s tu:l.y will 
ass ume that in open fronted build i ngs r equire t pound more feed in win ter. 
The average feed requi rements per day during gestation are as g i ven in 
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Table 32 . Boars will receive the same feed allowance as sows . 
The amount of feed fed lactating sows varies from farm t o farm , but 
the amount fed per day in this study is 12 pounds per day to sows on pas-
ture a nd 14 pounds of 18 percent ration and 32 pounds of 16 percent ration 
while in fhe farrowing barn. The weaning pig should weigh from 30-40 
pounds. For the feed fed to pigs in the nurser see Table 15. 
Table 32 . Pounds of feed per sow per day 
Pasture 
Open f ronted buildings 
Controlled environment buildings 
5. 3333 
4.4575 
4. 3JJJ 
Crow-finish feed s ystem 
r'loor feeding is used in conf inement and a self-feeder on pasture . 
Both feed syst ems are used to the full feed. Superior management is nee-
essary to full feed on the floor . The thumb rule necessar y for a f ull 
feed floor feeding operation is to allow a .5 to 1. 0 percent waste . This 
is about equal to the waste of the a verage well adjusted self - feeder . If 
this waste i s allowed, r esults be tween systems will be the same . This 
view would not seem to be supported by certain floor feed trials however . 
As Thomas and Kornegay (87) comment that they were unable to feed a s 
much on the floor without some feed wastage , it lends evidence to the al-
t ernative hypothesis that the reduction in feed conversion i s due to feed 
restriction rather than method of feeding as the s tudies supposedly test-
ed . 
Although early data indicated limited feeding would improve feed ef-
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ficiency if feed were restricted to less than 90% of full feed , the in-
crease in days to market allows fixed cost to eliminate the savings in 
feed cost . However , it is the general concensus that res triction from 90 
t o 99 percent will result i n about a four percent decline in feed conver-
s i on. Assuming a feed conversion of J . 4 pounds of feed per pound of gain 
one would predict that limit feeding at the 90 to 99 percent level would 
result in an increase in feed conversion of about 0. 14 pounds of feed per 
pound of gain . The striking similarity between the projected 0. 14 pounds 
and the data in Table JJ adds evidence to f avor the hypothesis that the 
d ifferences in feed conversion noted by Thomas and Kornegay ( 87) were 
caused by limited feeding instead of differences in feed systems . 
Table JJ . Summary of tests of floor feeding vs., self- feeding in pounds 
of feed per pound of gain 
Source Self fed F'l oor fed Difference 
Wallize et al. (94 ) J . 28 J . J4 -. 06 
Wallize et al . (94) J . 22 J . 39 - . 17 
Thomas & Kornegay (87) 4 . 15 4 .28 - . 13 
Thomas & Kornegay (87 ) 3 . 75 4 . 28 -. 5J 
An additional advantage of the floor feed system is that partial 
slotted pens stay drier than i f a feeder is used . Thomas and Kornegay (87) 
found no difference in feed efficiency between 25% and 50% slotted f loors . 
Fritschen (19) found no significant difference in feed efficiency between 
25 , 50 , 75 , and 100% slotted floors in enclosed buildings . Although not 
statistically significant, the average daily gain was gr eater in the con-
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trolled buildings . There was a difference in feed conversion in the open 
fronted buildings . See Table 34. This study assumes t hat the 50% slotted 
floor design does not effect performance negatively. 
Table 34. Average daily gain and feed efficiency in open and enclosed 
buildingsa 
Bldg . Ab Bldg. Cc 
( Modified open) ( Enclosed- insula ted ) 
Percent s l otted Per cent slott ed 
100 75 50 25 100 75 50 
No . of pi gs 15 13 14 15 15 14 15 
25 
15 
Ave . ini t.ial wt . 42 . 70 42 . 70 43 . 00 42 .90 4J.OO 4J .10 4J . 10 42 .90 
Ave . daily gain 1.60 t. 60 t. 65 1.63 t.66 1. 76 1. 67 
Feed/lb. gain 2. 80 2. 75 2. 64 2. 78 2.79 2.77 2. 85 
asource: Fritschen (19) . 
bAn infra- red heater was used for pi gs up to 90 pounds . Feed and 
water were inside . 
cEnvironmentally control led to 72 degrees Fahrenheit . 
1.64 
2.77 
Liquid feeding was popular when hogs were hand fed in this country 
and is still common practice in Great Britain . Hodson (38) found no var-
iation in liquid vs ., dry full feed in complete rations . But Speers (80) 
found that conversion favors dry for heavy hogs . Liquid systems can be 
mechanized through the use of pressure pumps and valves . Liquid systems 
have fe wer parts and generally fe wer mechanical failures . The climate 
in Iowa is colder than that of t he areas where liquid feeding is used . It 
is suggested that liquid f eeding systems subjected to bel ow zer o degr ees 
Fahrenheit of several days would pr ove complet ely unsatisfactor y . Liquid 
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feeding has a tendency to increase the number of insects sharing the hogs ' 
environment, many of these, especially f lies , carry disease from one loca-
tion to another. By increasing the disease problems liquid systems have 
a disadvantage . 
Pasture vs . , confinement 
Teague and Grifo (85) estimate a 5 percent reduction in feed on a 
pasture system. Their findings are supported by three independent sttrlies 
reported by Carlisle (8 ) . This savings amount to about a dollar per head 
and would return $25 to $40 per acre depending on stocking rate . Trede 
(88 ) in an independent study of farm records found the best feed conver-
sion favored confinement . Even though the University findings are stat-
istically sound , interviews from this study indicate farmers generally 
support Trede's (88) findings. One hypothesis to explain the difference 
is that Trede's work can be explained by differences in managerial a -
bility . This idea is in itself a contradition. If superior managers ob-
tain the best results, it follows that because of their ability they would 
know the current results of university experiments and would implement 
them . As a minimum they would expand their land base to include at least 
some pasture farrowing and finishing . Yet these systems are lower i n 
efficiency than the pure confinement by at least 0. 2 pounds of feed per 
pound of gain. One is forced to conclude that Trede's results are not 
strictly the result of managerial differences . 
Close examination of the experimental data and field observations re-
veal one startling difference in pasture systems. In test trials normally 
depending on the experimental design , 15 to 25 pigs are alloted per treat-
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ment. This number is decided by the number necessary to statistically 
test the hypothesis. On commercial farms normally more than 50 pigs are 
placed in a field . The reason for larger groups is to eliminate excessive 
fencing costs and allow pasture rotation. The curious nature of the pi g 
suggests that he has a tendency to wander about the pen . If pen sizes are 
large then the area for the pig to investigate increases proportionally to 
the square feet. One would predict that in a large pen a pig would use 
more energy than in a small one . Thus , the amount of daily intake of 
feed used as gain is reduced . The hypothesis proposed by this study is 
that feed conversion drops markedly in large pasture fields. Pigs are 
penned in large groups and thus a difference of 0.3 pounds more feed per 
pound of gain is required on pasture than in confinement. 
Open fronted vs., controlled confinement 
The primary difference between the controlled and the open fronted 
confinement systems is that pigs in the open fronted system are exposed 
to extremes of temperature greater than pigs in the controlled system. 
Dale ( 12) reports that daily gain varies with daily temperature . Data 
presented in Figure 3 shows response of gain to temperature. 
While daily gain is not generally as important as feed conversion 
the close correlation, normally o.6 to 0. 9 , means one can predict the 
feed conversion f rom the rate of gain. From the data in Figure 4 , it 
would appear that a linear regression equation would give adequate re-
sults for prediction. Given the prediciton equation 
Y = MX + B 23 . 
where Y ~ pounds of feed per pound of gain 
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M ~ slope coefficient 
X a average daily gain 
B = intercept coefficient 
and regressing X against Y for the data i n Fi gure 4 g ives 
Y = J .897X - 0. 514 24 . 
The regression coefficient is meaningless for the data in Figure 4 since 
all observations a r e grouped and data about the distribution a r ound the 
sample means 
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Huddling is a factor which offsets temperature changes and effects 
gain and feed efficiency. Assuming that heat loss must be offset by an 
increase in the basic rate of metabolism , breathing , heartbeat , etc ,, the 
animal must use more of its total feed intake for body maintenance and 
less for gain. Heat loss should be roughly proportional to the exposed 
surface area of the pig . The huddling advantage is the effect caused by 
66 
behavior alterations. Pigs QB.n decrease activity and aline themselves 
to minimize exposed surface thereby gaining warmth . Hud.dling in new born 
pigs up to 25 pounds has been documented by Mount ( 62) and Gairnie and 
Pullar (7) in supporting studies. Mangold etal. (56) observed that pigs up 
to 210 pounds crowded together in cold apparently to conserve heat. Al-
though few stud.ies have been published estimating the empirical effects 
of huddling , the behavior pattern is commonly accepted . More work is 
needed in this area especially in the northern parts of the United States 
where the factor is most important. In order to maximize the huddling 
advantage, one must increase the number of animals per pen . Jones et al. 
(50) report no difference in rate of gain for feed efficiency for 8 , 20 , 
or 40 pigs per pen . Optimal ambient temperature has been well documented . 
Results are summarized by author in Table 35. 
Table 35. Summary of optimal ambient pig temperatures by author in 
degrees Fahrenheit 
Author Range 
Inglis and Robertson (41 ) 
Mount ( 61) 
Heitman et al. ( :32) 
Jenson et al. ( 45) 
Sorensen ( 79 ) 
40 - 81 
52 - 71 
60 - 75 
52 - 70 
52 - 64 
All of the studies in Table 35 were designed to measure individual pig 
response and eliminate by design the effect of hud.dling . The results in 
Table 35 are for growing and finishing swine and should not be confused 
with newly born pigs . 
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Jones (46) concludes that the adjustment of a newly born pig from 
the uterine temperature of 102 . 5 degrees requires auxiliar y heat during 
cold weather. He further recommends that the temperature be maintained 
above 60- 64 degrees F'ahrenheit. Compared to the individual critical 
chilling factors Table 36, one begins to see an empirical indication of 
the importance of huddling. 
Table 36. Temperature at which chilling takes place on individual animals 
by weighta 
Weight in pounds Temperature in F. degrees 
a 
) . O 
6. 5 
13. 4 
17.7 
22.0 
26. 4 
Source : Mount (61) and Cairnie and Pullar (7). 
95 
91 
86 
75 
~ 
52 
The data in Table 36 is the result of two studies and a very clear 
decreasing trend appears . Yet , Jones ' recommendations a r e commonly ac-
cepted . The two factors suggest the hypothes is that the huddling ad.van-
tage changes chill temperature by more than 15 degrees Fahrenheit i n young 
pi gs . 
Jones et al. (48) from two experiments found no difference between 
open fronted and totally enclosed ventilated buildings. His findings are 
supported by recent studies at the University of Nebraska (19) . Both 
studies had 10-1 5 pigs per pen which allowed the hud.dling advantage to 
effect results. The Nebraska study included supplemental heat via 
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infrared heaters until pigs reached 90 pounds . These findings are not 
supported by Seymour et al. (76) and Hazen et al. (25) . However, the 
last two studies eliminated the huddling advantage by penning individuals 
in small groups or individually. Jenson et al. (45) reported , "Pigs at-
tempted to compensate for the cold by increasing feed intake . "1 This ob-
servation is supported by similar observations by Hale et al . (23) and 
Mangold et al . (56) . If gain is the residual of feed intake minus feed 
necessary for body maintenance, one would predict that the increase in 
appetite plus heat loss partially offset by huddling advantage would ex-
plain the conflicting results. 
Jenson et al . (45) show about t pound less feed per pound of gain 
for a controlled environment with no huddling advantage regardless of 
weight . Field experience indicates that the larger the animal the more 
heat it produces . One would logically assume that the huddling advantage 
increases with weight . Experiments by Seymour et al . (76 ) confirm this 
hypothesis and show additional information. F'rom three weeks to market, 
growing pigs require from 0. 14 to 0 . 322 pounds more fe ed per pound of gain 
at 45 than at 60 degrees Fahrenheit . In temperatures at 36 and 60 degrees, 
the pi gs require . 2 to . 26 pounds more feed per pound of gain, again dif-
ference signi ficant P = . 05. 
The data presented by Seymour et al. (76) is grouped from three 
weeks to 110 pounds and from three weeks to market . When the differences 
in feed conversion between 110 and market are computed as the residual, 
!Jenson et al . (45) , p. 452 . 
2Four trials of 15 pigs each. 
O.L~ more to 0 .1 5 fewer pounds of feed per pound of gain are required in 
45 degree temperatures than in 60 degree temperatures . While differences 
were significant from three weeks to market, one can hardly attach much 
significance from 110 pounds to market . 
It would seem that from 11 0 pounds to market no significant differ-
ence in feed conversion can be attributed t o housing as long as feed and 
water are not f rozen . However, f rom 30 to 110 pounds, apparently the 
huddling advantage can only partially offset the difference in ambient tem-
perature . About 0. 2 pounds more feed per pound of gain can be expected in 
open f ronted gr owing buildings during winter. 
Although few studies have been reported in the midwest on the effect 
of high temperature , those conducted generally agree with those outs i de 
the leading hog product i on states . Heitman et al . (32) show a statisti -
cally significant negative relationship between temperature and average 
daily gain (P<. 01 ) for temperatures over 80 degrees . Heitman used a t est 
chamber and subjected animals at constant temperatures for seven days. 
Mangold et al . (56) in a similar experiment, found a reduction in daily 
gain of 0. 005 , 0 . 010, and 0 .015 for pi gs 30 , 75 , and 140 pounds respec-
tively per degree Fahrenheit above 60 . By uaing the equation 24 to con-
vert average daily gain to pounds of feed per pound of gain , the decrease 
in feed efficiency is . 002 , . 005 , and . 0075 respec t i vel y . These findings 
are supported by studies conducted by Hazen et al . (25) , where . 05 pounds of 
feed per pound of gain for each Fahrenhei t degr ee between 80 and 85 . I n 
another study conducted by Seymour et al . (76), no significant difference 
was f ound in performance between 60and 90degrees where a constant temper-
70 
ature was maintained. The reason for the difference is that apparently 
in time pigs will adjust to increased constant heat up to about 90 de-
grees . Open fronted buildings subject animals to varying temperatures 
which apparently alters feed conversion . This study assumes that the 
controlled system will be kept under 85 degrees in summer . Using Man-
gold ' s data (56), there is . 02 and .04 pounds less feed required per 
pound of gain in the grow and finish phases respectively during the sum-
mer in the controlled environment. 
While generally there is no interaction between sex and temperature , 
gilts are about five percent more efficient than barrows (76). This re -
sult is confirmed by studies r eported by Bruner (6) and Jorden (51). In 
stu:iies reported by Hodson (J?) the same general pattern appeared , and it 
suggested that there is an interaction between sex and protein. later 
stu:iies conducted by Christian (10) tend to confirm this hypothesis . 
Where production levels are such that separate barns are available, gilts 
and barrows are separated and an economic optimal ration f ed to each. 
By dividing sexes feed conversion is improved one percent . Only the last 
three levels of production have separate feeding facilities. The net 
effect of temperature on feed conversion is summarized in Table 37 . 
Feed costs 
On the farm cost of feed is the most important price variable. Based 
on interviews with feed millers, there is no change in feed price due to 
reduction in milling costs as size of order increases. With the capacity 
of current large mills, even the largest average feed requirement per 
week , 156 tons, can be milled in under three hours. Although the time 
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Table J7 . The effect of season on f eed conversion by system and phase , 
Iowa 1971 
Pasture Open fronted Controlled 
Gestation-lbs , /day 
4.JJ Spring 4. JJ 4 . 3J 
Summer 4,33 4 . JJ 4 . JJ 
Fall 4. 33 4. JJ 4. 33 
Winter ~ 4. 83 ~ Average 4.4b . J3 
Farrowing- lbs . /day 
14. 00 Spring 12.00 14. 00 
Summer 12.00 14. 00 14. 00 
Fall 12.00 14, 00 14. 00 
Winter o. oo 14.00 14. 00 
Average 12 . 00 14. oo 14. oo 
Growing-lbs,/day 
Spring J , 00 2 ,90 2, 70 
Summer J , 00 2 .90 2 . 70 
Fall J , 00 2 .70 2 , 70 
Winter J .20 2 . 90 2.70 
Average J.15 2,80 2 . 70 
Finishing-lbs . /day 
Spring J . 70 J ,40 J ,40 
Summer 4 ,10 J , 80 3,40 
Fall J.70 J .40 J .40 
Winter 0, 00 J ,40 Wo Average J . 90 3, 50 J . 0 
varies with the size of mill , the s maller mills have a larger mill i ng 
cost , a smaller market radius, and l ess delivery fees , Decreased costs of 
milling are offset by increased costs of delivery for larger mills . The 
larger mills have a market radius lar ge enough to provide sufficient ton-
nage to decrease fixed milling costs to a profitable level , Whil e the 
addition of a large account might significantly alter the cost structure 
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of a small mill, it would appear as if it lowers it only to the level al-
ready achieved by a large mill. Trede (88) observed that the larger op-
erators have a lower cost of feed . The primary reason is that as the size 
of purchases increase, selling costs per unit decrease . Total selling 
costs on orders of 10 tons vary very little from selling costs of orders 
of 50 tons. Besides reduced sales costs, the larger operator s handle in 
bulk and truck load lots. 
load lots is $5 per ton. 
The average reduction for the bulk and truck 
For accounts running 25 and 75 tons per month 
selling costs drop another $5 per ton. For accounts over 75 tons selling 
costs per ton are reduced very little. It appears that there is little 
feed price reduction above the production level of 2,400 head annually . 
The explicit feed prices used are found in Appendix Tables A34 through 
A100. 
Waste Disposal and Crlor Control 
The waste variable es timates costs except labor for handling manure 
and controlling odor. labor is included in the labor variable. Costs 
for construction and operation of disposal devices to include slotted 
floors and lagoons are included . Flushing slotted floor systems hand-
ling systems are analysed. The slotted floor systems consist of floors 
constructed with holes to allow animal waste to drop into a pit below the 
floor . Totally slotted and partially slotted systems are exami ned. Par-
tially slotted systems have part of the floor slotted and the remainder 
sloped to the slotted portion . Flushing systems flush the manure from the 
pens using water . The first type of flushing system has a solid floor 
sloped to a deep or shallow gutter. The second flushing system is a slot-
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ted system with a flus hed pit . None of these systems use bedding . Me-
chanical and l agoon disposal s ystems are analysed . 
Flushing systems 
The solid floor flushing systems have an advantage of not requiring 
the expense of the slotted floor nor s ubjecting animals to draft or gases 
from decomposing manure in the pit under the slotted floor . This system 
requires more labor than the totally slotted system and about the same as 
the partially slotted system. The primary disadvantage is that the water 
used for flushing causes the manure to become more diluted and excess 
water causes greater problems in disposal . It requires a mechanical 
flushing device and s torage tank so the difference in cos t between the 
partially slotted and the flushing systems are not very great . Because 
more water is introduced into the system in the buildings, pens are not 
as dry as in the other systems and the barn humidity is increased. Since 
water moves from pen to pen carrying manure along the surface , it also 
serves as a carrier for disease if a shallow gutter is used. If a deep 
gutter is used, more labor is needed to scrape the manure to the gutter. 
A pit flushing device has been used but it does nothing except flush the 
pit and remove any fumes from decomposing manure . This hybrid system has 
the cost of the slotted floors plus the cost of the flushing device . 
Simply placing the outlet below the pit bottom will allow gravi ty to clear 
the pit and eliminate the need for the flushing equipment. Recycling 
systems1 are suspect with possible mechanical failure during Iowa winters . 
1system where wastes are decomposed in a lagoon then water brought 
into the building for flushing. 
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The disadvantages would seem to rule out both the flushing and the flush-
ing-recycling systems. 
Slotted systems 
The totally slotted and the partially slotted units are separate 
celled pens so that disease does not spread rapidly from one pen to an-
other. The pit built under the slotted floor provides storage for sev-
eral days' manure ; so lagoons or other digestors can be fed periodically 
for their ma.ximwn efficiency. With a gravity flow system to a disposal 
device, problems of mechanical malfunctions are eliminated . The slot-
ted floors do not have the disadvantages of subjecting the animals to 
drafts caused by natural ventilation of the pits and also exposing them to 
gases coming from decomposing swine waste. 
In comparison to partially slotted floors, totally slotted floors re-
quire less labor for cleaning, but the system does not eliminate a daily 
inspection. Totally slotted floors require self-feeders where the par-
tially slotted system requires floor feeding . The totally slotted floors 
have not proven as successful as the partially slotted systems to date . 
Pi gs are generally dirtier and it seems as if no communal dunging patterns 
occur. 1 Floors are generally damp, and respiratory diseases tend to have 
a higher incidence in the totally slotted systems . The main hypothesis as 
to causes of these problems is that they are caused by poor ventilation of 
the barn. However, without established communal dunging patterns , I ques-
1rn partially slotted systems pigs can be trained to dung over the 
slotted portions i f a floor feed system is used and waterers are placed 
over or near the slotted portion of the floor . 
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tion whether the problems from dampness will be solved. The totally slot-
ted floor also represents the highest fixed cost of the systems analysed. 
A half slotted floor with a floor feed system seems to be a workable 
system combining the most advantages with the least disadvantages. By 
having only pa.rt of the floor slotted and feeding on the end of the non-
slotted portion, pigs will eventually dung entirely over the slotted pa.rt 
of the pen . This means that the nonslotted portion remains clean, dry, 
and has no draft from the pit.1 Because the solid area is the primary 
sleeping area, pigs are not exposed to gases coming from the pit 24 hours 
a day. Threshold limits2 are not passed although the absolute amount of 
gas may be about the same as a totally slotted system. The use of the 
floor feeding system means that pigs have the space as opposed to space 
being taken by a feeder. Timed feeding also allows the herdsman to ob-
serve the pig 's reaction to delivery of their ration as a gauge of general 
health. The partially slotted floor is cheaper than the totally slotted 
floor. The disadvantage of the partially slotted system is the increased 
labor required for pen cleaning and the gas coming f rom the pit. This 
stu:iy assumes 50 percent slotted floors as being the optimal at the pres-
ent time. 
Floor material 
The total cos t of installed slotted floors varies with materials 
used. Costs in this study inclu:ies the cost of the pit. Annual costs of 
1 Water evaporation causing temperature differences and gases from the 
manure decomposition cause increased air movement. 
2
Amount of toxic gas a pig can withstand without undue stress. 
different materials are not the same as the total cost due to differ-
ences in the productive life . The princi pal materials used for sla ts a r e 
wood , steel , porcelain coated steel , aluminum , and concrete . 
Wood slats are the cheapest but productive l ife is so short that one 
would probably have to replace them in three to five years . Generally 
wood slats have not been successful wher e tried . Wood i s hardest t o clean 
since manure has a tendency t o stick to it more than metal or concrete . 
Estimat es for wood s l ats installed are f r om $.85 to $1. 35 per square foot 
total cost . 
Different types of steel floor s have been tried . Types va r y f r om a 
wire mesh to bar s coated with corrosive resistant material . Steel does 
cl ean mor e easily t han wood or concrete . The projected productive l ife 
vari es from product to pr oduct , but est imates usually run between f ive and 
ten years . The particular problem with steel is that it reacts with the 
highl y corrosive acids and gases in swine was tes . The particular gases 
found in swine waste a re: carbon dioxide, hydrogen s ulfide , ammonia , 
and methane . When carbon d i oxide dissolves in the urine on the slott ed 
floors , it tends to f orm carbolic acid . In addition , s wine manure has 
nitrate salts and phosphoric acid . The combined effect of these two prod-
ucts explains the short productive life of steel s lats . The cost of steel 
slats varies depending on the gauge and protective coatings . Costs range 
from $2 . 00 to $4 . 00 per square foot installed . 
Aluminum slats are also available . As a metal , aluminum cleans fast-
er than wood or concr ete and a bout the same as steel. Since aluminum is 
a light metal freight cos t s for del i very are less and i ns tal l a tion is the 
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cheapest for any slotted floor material examined . Aluminum is more re-
sistant to the corrosive properties of swine waste than steel , thus no 
protective coatings are needed . Due to the smoothness of the surface, al -
uminum like steel causes fewer cuts f rom falls . With a longer productive 
life than steel , aluminum is one of the cheapest forms of slotted floors . 
Estimates for installed total cost range from $1.40 to $2 .35 per square 
foot. The primary reason for the difference in price is the amount of 
price savings for bulk purchases . Aluminum also has a salvage value if 
the floors a re abandoned before the f ull depreciation is returned . This 
particular characteristic makes aluminum quite attractive . 
Concrete slats make the most permanent type of slotted floors . Al-
though the acids in swine wastes erode concrete, the productive life of 
this type of slat is 15 plus years . Concrete slats are produced in two 
methods, pre- cast and poured- in-place. The pre-cast slats have the ad-
vantage of better quality because of stringent quality control during con-
struction. Costs of installation and transportation to points of use 
cause installed costs to be higher than for poured-in-place slats . Costs 
for pre-cast slats are estimated for central Iowa at $1 . 50 to $2 . 00 per 
square foot installed. Differences in the estimates reflect differences 
in transportation charges more than differences in quality o~ quantity 
purchased . The pre-cas t slats are d ifficult to install because they are 
heavy and should be mortared into place . Wood spacers have been used but 
have not been sati sfactory. If a spacer wears out or slips out holes de-
velope in the floor . Holes large enough for the legs to slip through 
cause a high degree of leg injury. 
The poured-in-place slats are the cheapest form of installed concrete 
78 
slotted f l oors. Where care has been taken to insure proper curing little 
difference is noted between the effectiveness of poured- in- place vs ., pre-
cast slats . Observations indicate a smoother finish on the poured- in-
place . Cost estimates for installed concrete poured- in- place slats are 
from $1 . 35 to $1 . 60 per square foot . 
Based on the preceding analysis the cost for the waste d isposal 
system incltrles the cost of $1 . 50 square foot for a 50 percent installed 
slotted floor . The complete cost itemized in the summary budget how-
ever , only show 1/10th of the increased cost of the slats . The cost of 
the floor in the building charged as building expense was $ , 65 per square 
foot . Annual cost of the slats to the waste disposal variable is 
1 , 50 - , 65 or $ . 85 per square foot . Cos t s for the s lotted floor are 
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given in Table A29 i n the Appendi x , 
Mechani cal treatment systems 
Waste treatment involves the nitr ogen cycle reducing animal protein 
to plant nitrogen . Ther e are t wo types of bacterial reduction involved 
aerobic and anaerobic action. Aer obic requires oxygen and is used in cer-
tain types of lagoons , oxidation ditches and spreading . Anaerobic ba.cte-
rial action as the name implies constitutes reduction of swine was te with-
out additional oxygen . This type of reduction occurs in deep lagoons , 
septi c tanks , and some digestors . 
To place the pr obl ems of disposal i n perspective , the population 
equivalent is useful. One 100 pound hog produces about as much sewage as 
t wo people . A farm pr oducing 10, 000 hogs annually has the same sewage 
pr oblem as a t own of 10 , 000 populat ion s ince a hog is on the farm for 
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about six months . 
The digestor is a machine which treats wastes . This machine is a 
chamber which forces the biological action to take place . The machine 
is virtually odor free and catches the by-products and eliminates the 
water. Sludge is taken to the fields as odorless organic compounds and 
spread as fertilizer . The methane is bottled and used for fuel to supply 
supplemental heat during the winter months . Since the sludge must still 
be hauled, the hauling operation is still necessary. Cost est imates of 
such a machine are in excess of $2 . 00 per head for operations of over 
1,000 head . The primary disadvantage is that the machine r equires hold-
ing tanks and because of the methane gas the digestors are pr one to ex-
plode and are a fire hazard . To date this technique is not recommended , 
but at some future time legislation on air and water pollution may revive 
interest in such devices for large scale operations. 
Another device used is the oxidation ditch. This device , used more 
in Europe than in the United States, consists of a race track type pit 
called a race and a paddle wheel for adding oxygen to the waste . This 
device depends on areobic bacteria for decompos ition and when working 
properly has an earthy odor. The sludge mwst be hauled f rom the device 
and the liquids are not pure unt il undergoing some secondary treatment . 
An oxidation ditch requires one foot of paddle wheel for each 25 hogs . 
A building housing 375 head would require a 17 foot rotor. The cost of 
the system would be about $1 . 60 per head annually, not including any 
hauling or lagooning for secondary treatment . 
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lagooning 
La.goons are bottom sealed pond-like bodies of water us ed for waste 
treatment. There are two types of lagoons, aerobic and anaerobic. Most 
hog lagoons are anerobic because the high density waste prevents sunlight 
from penetrating more than a bout two feet. This prevents growth of oxygen 
producing algae which in turn supplies oxygen for the aerobic bacteria. 
This al gae gives a lagoon a green or in some cases a red color . Anerobic 
lagoons depend on anaerobic bacteria to decompose wastes. In both types, 
there are two problems. Fir st, excess water. Surface water is normally 
diverted so that it never reaches the lagoon, rain a nd snow fill the la-
goon with excess water. In areas s uch as Iowa where evaporation equals 
rainfall, this means that the water in swine was te cannot be eliminated by 
normal evaporation. Thus, the water from lagooned swine waste must be 
eliminated in some other manner. Where a series of multiple lagoons are 
used and the water is held l ong enough, it is biologically pure . Biologi -
cally pure water can be dumped into streams without posing a threat to 
animal life . However , the water f rom lagoons is high in nitrates . This 
high concentration may alter the plant balance within the stream. The 
change of the ecological balance cannot be recommended. With the current 
concern over water pollution, laws may well develop within the next few 
years declaring nitrate pollution illegal. 
The s econd problem is that of sludge or the nonliquid settlings which 
build up during the bacteria l a ction. This product, over time, will build 
enough that it will stop the bacterial action. I t is recommended that 
lagoons be constructed so that the sludge can be removed by a drag l ine . 
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The size of l agoon requi red varies from climate to climate . The de-
tention time required for treatment in an anaerobic lagoon is halved from 
100 to 50 days with a raise i n temperature from 50 to 70 degrees . The 
current recommendation for Iowa i s one to two cubic feet per animal pound 
depending on the amount of trea tment desired . Muehling (65) recommends 1. 5 
cubic fee t per pound for Illinois . Since t he temperature for central Iowa 
is slightly colder than that of an average f igure for Ill inois and because 
overloading causes excessive odor, t wo cubic feet per pound of animal is 
used in this study . Unlike the oxidation ditches , lagoons can be con -
structed for the average manure produced . Fi~ure 5 shows the relationship 
between cubic fee t of manure produced and the body weight of an animal . 
Since the relationship in Fi gure 5 is linear , a simple average will a p-
proximate the amount of daily production of loading . Pigs ent er the grow-
ing- f inishing cycle at about 35 pounds and leave between 210- 230 pounds . 
An a verage weight of 125 pounds is used for market weight pi gs and 375 for 
sows . 
Aerobic lagoons a r e not especially good f or s wine waste in large op-
erations . They consist of lagoons requiring about 1. 5 square feet for 
each pound of animal . Aerobic l agoons are virtually odorless as long as 
the solids are covered with water; normally three f eet of water is re-
quired and the weather is above 50 degrees . During cold winter months 
little odor is produced but during t he early spring before the temperature 
reaches a point where the bacterial action can work effectively , odors 
escape . If aerobic lagoons are used as secondary treat facilities , 
they are virtually odor less as stabilization occurs during pr imary treat-
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Figure 5. Cubic feet of manure prcxiuction by weight of animal 
Source: Muehling (66) . 
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ment . Water from aerobic lagoons is pure enough to be sprayed on land 
without effecting plant or animal life. The principal problem with 
aerobic lagoons is the large land area they require. 
The figures in Table )8 were developed by multiplying 1 . 5 square 
Table J8. Size of aerobic lagoons for sows and two litters to market for 
open fronted and controlled systems, complete and 30 percent 
lagooning 
Length of one side in ft . Acres 
Sows Complete JO}& Complete J~ 
lagoon lagoon lagoon lagoon 
Open fronted system 
25 269 148 t.66 .49 
50 389 213 J . 46 1. 0J 
75 485 266 5. 41 t.62 
125 622 J40 8. 87 2 .66 
250 884 484 17 . 92 5. 37 
375 1, 108 607 28 .18 8 .45 
500 1,289 706 J8 .14 11.44 
625 1,444 791 47 . 89 14. J6 
750 1 , 590 871 58. 03 17. 40 
1000 1,831 1 , 003 76. 98 23 . 09 
Controlled system 
25 298 16J 2. 04 . 61 
50 422 231 4 . 08 1.22 
75 527 289 6. J7 1.91 
125 726 J28 12.11 J . 63 
250 1,0JJ 566 24 . 50 7. 35 
375 1,287 705 38. 00 11.40 
500 1 ,486 814 50.67 15. 20 
625 1, 675 91 8 64.44 19. 33 
750 1 , 813 994 75 . 54 22 . 66 
1000 2 ,112 1,157 102 . 44 30. 73 
f eet by the number of pounds of animals producing manure and taking the 
square root to determine the length of one side. Al so computed were the 
areas involved . Assuming that up to 75 percent can be hauled and an 
increase storage capacity of five percent, the area required f or lagoons 
was comput ed for JO per cent of the waste, 
Anaerobic lagoons are deep pools used to stabilize swine waste by 
means of anaerobic bacteria . Anaerobic lagoons are more than five feet 
deep and the general recommendation is the deeper the better . For pur-
poses of this paper, it is assumed that the average depth i s 15 feet. 
Like aerobic lagoons anaerobic lagoons effectiveness is sever ely decreased 
by cold weather. Unlike aerobic lagoons , anaerobic lagoons are us ed pri-
marily for stabilization of swine was te . Liquid f rom an anaerobic lagoon 
mus t be further treated by aerobic means bef ore considered pure for safe 
drainage . Anaerobic lagoons emit severe odors and f or this reason s urface 
areas are kept as smal l as possible. Table 39 illustrates the a.moun t of 
area by t he length of one side and the number of acres required for treat-
ment at both the 100% and the 30% levels . Computations were made using 
the same model as the aerobic , except that 2 . 0 cubic feet per pound of 
animal was used and a 15 foot depth instead. of a f ive foot depth and 1. 5 
square foot surface area . 
Cost of lagoon construction i s compos ed of a f ixed port ion for the 
title and movement of construction equipment to the site and a variable 
portion depending on required size . Data from I llinois summarized in 
F'igure 6 suggests the empirical relationship which exists. 
Regressing numbers against costs i n Figure 6 g ives 
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Y • . 2897X + 176.1282 25 . 
where Y ... total cost 
X ... number of animals 
Table 39. Size of anaerobic lagoons for sows and t wo litters to market 
for open f ronted and controlled systems, complete and 30 per-
cent lagooning 
Length of one side in ft . Acres 
Sows Complete 30% Comple te 30;i 
lagoon lagoon lagoon lagoon 
Open f ronted system 
25 79 43 . 14 . 04 
50 114 63 . JO . 09 
75 143 78 .46 . 13 
125 183 100 . 76 .22 
250 260 142 1. 55 .46 
375 326 179 2 . 44 . 73 
500 376 208 3. 30 .99 
625 425 233 4 . 15 1. 24 
750 468 256 5. 02 1. 50 
1000 539 295 6. 67 2. 00 
Controlled s ystem 
25 88 48 .1 7 . 05 
50 124 68 . 35 . 10 
75 155 85 . 55 . 16 
125 214 117 1. 05 . 31 
250 J04 167 2 . 12 . 63 
375 379 207 3. 29 . 98 
500 437 240 4 . 39 1. 31 
625 493 270 5. 58 1.69 
750 534 292 6. 55 1.96 
1000 622 J40 8. 87 2 . 66 
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Assuming the prediction equation adequately predicts total cost , it is 
used to determine the cost of both aerobic and anaerobic assuming no in-
herited difference in construction cost between the two. Incluied in the 
lagoon cost estimates are gravity f low values to and from the lagoons so 
that a system of anaerobic primary treatment with aerobic secondary 
treatment can be achieved . However, for best treatment t he water should 
be placed back on the land, thereby returning the by~roduct nutri ents 
back to the soil . Cost estimates are found in the Appendix Tables A27 
and A28. 
Hauling 
Hauling is the oldest form of manure disposal. While hauling does 
provide fer tilization val ue to crops , most estimates indicate that chem-
ical fertilizer is cheaper and more reliable . At present , cr op farmers 
will pr ovide the land for disposal without charge, crops permitting . En-
gineers and agronomis ts suggest that waste f rom 40 to 50 hogs per year 
per acre will not polute soil water. The swine enterprise mus t bear the 
cost of spreading . Budgeted cost for liquid manure spreaders are gi ven 
in Table 40. land requirements for 100 a nd 75 percent s preading are con-
tained in Table 41 . 
Based on the analysis in Tables 40 and 41, it i s assumed that only 
an aer obic lagoon is needed for the 25 and 50 sow levels . At the 75 and 
125 sow level , an anaer obic lagoon with the discharge onto land by pump 
system is sufficient . From the 250 sow level and up supplemental hauling 
of 75% of the waste is necessary. This allows only the liquids to be 
treated primarily in the lagoons , making the lagooning system work better. 
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Table 40 . Budgeted cost of liquid manure spreaders by capacity spread.er 
Items 800 gal . 11 00 gal. 1500 gal. 
Spreader less tires $1, 791.20 $1 ,952 . 95 $2 ,5J0. 75 
Tires 59 .40 151.20 194.40 
Freight 100.00 11 0. 00 12~. oo 
Total cost of spreader delivered 1,950.60 2,214.15 2 ,850.1 5 
10% price discount 179.12 195. JO 253 . 08 
25% price discount 447.80 488 .2J 632 , 68 
Depreciation 10 yr. life 195 ,06 221.42 285. 02 
Depreciated 1 \!fo discount 17 .91 19 . 53 25 . 31 
Depreciated 25% discount 44.78 48,82 6J .27 
Table 41. Amount of land in acres required for manure spreading confine-
ment, controlled and open fronted systems 
Open Fronted Controlled 
Sows 100% 75% 100% 75% 
25 6 5 8 6 
50 1J 10 16 12 
75 21 15 25 19 
125 34 25 49 37 
250 68 51 99 74 
375 108 81 154 116 
500 146 109 205 154 
625 185 139 262 196 
750 225 168 312 2)4 
1000 298 22J 416 J12 
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The pasture system waste disposal figures include only the cost of re-
moving manure from the gestation houses . Because of l ow concentration. 
no odor control is necessary for the pasture system . 
The ass umed cos t of draining the aerobic lagoons above the 50 sow 
level is summarized in Table 42 . I t is assumed that pump life is five 
years . This represents a pump and pipe to a fie l d for disposal. Disposal 
costs are divided in pr oportion to the manure produced of 1/4 ges tati on . 
1/8 farrow, 3/16 grow, and 7/16 finish . 
Table 42 . 
Sows 
25- 50 
75- 250 
375- 625 
750-1 000 
Total cost of draining lagoons 
Qior control 
Cost 
$ 0 
1, 000 
1, 500 
2 , 000 
Qior contr ol has become a part of the large scale swi ne pr oducers ' 
cost . ~ince two legal cases have been settled with payments to the plain-
tiffs based on air pollution, it is increasingly important to analyse this 
problem. Some estimates are a s high as $1. 50 to $2 . 00 per hog for odor 
control . Swine buil dings s hould be constructed a t least t mile and pref -
erably t mile f rom the nearest home . Other proposals have also been sug-
ges ted . Aerators have been used to lower odors in anaerobic lagoons . 
Liquid manure spreaders now have attachments for application below soil 
surf ace . I t has been suggested that trees , preferably cedar , be planted 
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in four rows around the perimeter of a swine farm and between buildings. 
Ueod.eran ts have also been added to lagoons and storage pits hoping to 
eliminate odors . O::ior control costs are budgeted 50 cents per head from 
500 to 625 sows and 75 cents at 750, and $1 . 00 over 20 , 000 head annually . 
A complete summary of all waste disposal and odor costs is presented in 
Table A29 in the Appendix. 
Labor 
The labor coefficient is defined as the annual labor required to 
produce the total pigs marketed at each level . The exact coefficients 
assumed are developed from on farm experience and extension publications 
from Iowa (40) and Purdue (13) . While the labor usage is in agreement 
with other studies it is higher than might be expected because 20 to 25 
percent of l a bor is spent on maintenance. The assumption that 25 percent 
of labor is spent on maintenance is not unrealistic for highly mechanized 
confinement operations . Field experience indicates that if four men work 
on a large specialized hog farm one will be primarily a maintenance man . 
This high maintenance requirement will not be reflected for newly in-
stalled automated systems. Systems which are past the first four years 
of operation must be examined befor e one can estimate the magnitude of 
the total maintenance requirement. 
Total labor required in hours for each phase is pr esented in the 
input coefficient matrix in the Appendix . By dividing the total labor 
requirement by the total pigs produced, the man hours per pig can be com-
puted . Similarly, dividing by the total litters produced will give the 
man hours per litter. Litter s produced and pigs prod.uced are given in 
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the column headings in the farrowing building and equipment budgets in 
the Append ix. 
Pasture system 
In the gestation phase sows are fed once each three days at a rate 
of about 12 pounds per day depending on term in pregnancy and weather 
conditions . Even though only fed each three days, sows are inspected 
daily to insure their health and well- being . ranure is hauled each week 
from each hut in winter. Sows will not normally dirty their bedding , but 
the bedding becomes damp during winter from condensation. Gilts are 
sorted from the market hogs when the other hogs are marketed. Three weeks 
before breeding the gilts are sorted again to insure that all are fit for 
breeding . They are vacci nated f or leptospirosis and erysipelas during 
this sorting and wormed t he following week . Boars are brought to the sows 
and the animals are pen bred . Coefficients for labor use during pasture 
gestation are listed in Table A32 in the Appendix. 
Before moving gilts from the gestation pens , individual houses and 
equipment are readied in the farrowing area. Once gilts are moved into 
the farrowing area, they are checked daily. After farr owing is completed 
and the pigs are weaning weight , sows and pigs are driven to a holding 
area. The pigs are weaned , vaccinated for erysipelas , and the boars cas-
trated. The pigs are placed back in the fie lds to grow to market weight. 
Sows are not sold until their milk f low has stopped and udder swelling 
subsided . Hours of l abor used in t he pasture farrowing are given in 
Tabl e AJ8 in t he Appendix. 
In the grow-finish phase labor is restricted to daily inspection , 
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Feed is delivered as part of the feed pr oduction and processing activities . 
In addition to the daily inspection, there is maintenance and facility 
preparation. The amount of labor used for the grow-finish phase of the 
pasture confinement system is given in Tables A44 and A50 respectively. 
Confinement 
The labor requirements are essentially the same for both confinement 
systems . In gestation, daily labor is required for cleaning and inspec-
tion. Sows are wormed and vaccinated f or erysipelas and leptospirosis 
three weeks before breeding. Gilts are selected from the market animals 
and become part of the breeding herd. Boars are placed in the pens with 
the sows as explained previously. Because of constant culling and selec-
tion in the gestation phase , a large amount of time is spent sorting. The 
time spent sorting is less in confinement than in the pasture . Labor used 
in the conf inement gestation systems is given in the Appendix in Tables 
A56 and A80. 
In the farrowing phase sows are fed individually by hand twice daily 
using a wheelbarrow, scoop (a three pound coffee can makes an ideal low 
cost scoop with the same advantages as more expens ive metered devices), 
and a gravity flow feed storage bin. While this particular design makes 
for a labor intensive unit, it uses time which would otherwise be used to 
just inspect the animals for general health. Sow pens are scrapped daily. 
While time consuming, this practice insures early detection of constipa-
tion, sure signs of health trouble. If a health problem is detected imme-
diately, sows can often be treated before the litter is affected. Though 
cleaning and feeding could be eliminated by using an automatic feed system 
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and totally slotted floors , a high management requirement would r emain . 
Using the more capital intensive practices increases the labor spent in a 
managerial role . Large scale systems have s pecialized management and 
labor with highly skilled managers and less proficient laborers . It is 
easier to check on the man's performance where he must feed and clean 
daily than it is to check on a man hired to inspect the health conditions . 
The human variable makes the labor intensive design more effective . 
In addition to the daily cleaning and feeding , time is spent in sur-
veillance during the farrowing pericxi . During this time needle teeth are 
trimmed, iron shots g iven , and feed ing and cleaning completed . However, 
on the smaller operations there are not sufficient tasks of this type to 
use all the time so much of it is simply leaving another task to check 
for trouble in the farrowing barns . Two hours per sow is used for sur-
veillance labor in units farrowing from 10 to 30 animals at a single time . 
At the level of 30-50 sows 1. 75 hours of labor i s used . From 50 to 500 
sows about 1.5 hours of surveillance labor is used. Above 500 sows it is 
profitable to maintain a man on a 24 hour basis and s ufficient work i s 
available to drop the surveillance to the minimum required of about . 7 
hour per sow farrowed . 
Additional labor is needed for cleaning and disinfecting between 
litters, disease treatment, castrating boar pigs , ear notching! and animal 
movement to and from the barns . Farrowing labor coefficients are present-
ed in Tables A2.6 and A86 i n the Appendix . 
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A practice normally used only by purebred breeders. However by lit-
ter notching each litter during the time of castrating, one can cull sows 
based on performance as well as age . 
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In the confinement growing and finishing, the systems are highly 
mechanized and the floors are 50 percent slotted. Cleaning on a daily 
basis is more inspection than cleaning per se . The growing pens are more 
difficult to keep clean because dunging patterns have not been establish-
ed. A complete scraping is necessary daily in the grow pens . ln the 
finish pens where dunging patterns are well established only minor clean-
ing is necessary . Field experience indicates that establishing dunging 
patterns in partially slotted pens is a function of pig age and gocxl. pen 
design , 
Pi gs are vaccinated for erysipelas and sorted into groups in the grow 
operation , They are moved to more spacious facilities when they reach 
about 100-125 pounds . Sorting between grow and finish will be at a mini-
mum but slow growing pigs will be placed in pens with pigs of similar 
size so that they will not be at a disadvantage and can achieve their ge-
netic potential without competing with early developing animals . !!:a.ch 
pen will be cleaned and disinfected between groups in both the grow and 
f inish facilities . The labor requirements for growing and finishing unde r 
the confinement systems are given in the Appendix Tables A68 , A74 , A92 , 
and A98 . 
Manure disposal is a problem which requires labor but at various 
amounts depending on the size of the spreader used and the size of ani -
mals involved . Seventy-five percent of the manure is spread in a liquid 
form . A load requires about .65 man hours . The amount of manure hauled 
is calculated by multiplying the amount of daily prcxl.uction per animal 
times the number of days the animal occupies that prcxl.uction phase . The 
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product is then multiplied by the amount hauled , divided by the amount per 
load, and then multiplied by the man hours per load. The amount of manure 
production per day per animal is given in Table 4J . The number of animal 
days per building is given in Table 44 and the size of spreader used in 
Table 45 . 
Table 43 . Manure production per day per head by weighta 
Weight C.al . per day 
Pigs 50-125 pounds 
Pigs 125-230 pounds 
Sows and boars 
Nursing sows 
asource: Muehling (67) . 
Table 44. 
Phase 
Gestation 
Farrowing 
Grow 
Finish 
Occupied building days by phase 
a365-120 days in farrowing barns . 
bAllows 3 days between groups . 
cA1lows 4 days between gr oups . 
1.0 
1.9 
4.o 
5. 0 
Days 
Table 45. 
Level 
1 - 2 
3 - 5 
6 - 10 
Size of spreader in gallons for each level 
Gallons 
800 gal 
1100 gal 
1500 gal 
Labor is computed at a rate of $3 . 00 per hour . Assuming an employee 
works 200 hours per month , the total labor cost is given in Table 46. 
Table 46. Cost of hired farm labor per month 
I tem Cost 
Cash wages 
House 
Utilities 
Liability insurance 
Social securit~ 
Total 
a 
Assumed employer pays 100 percent . 
Finance and Deathloss Variables 
Finance 
$460 . 00 
80 . 00 
20 . 00 
3. 20 
36 . 80 
600. 00 
The finance variable esti.ma.tes the cost of capital to the s wine en-
terprise . Debt capital is char ged at the interest rate and equity capi-
tal at an opportunity cost . Entries in the input arrays are the total 
fixed and operating capital to produce a market weight animal . Entries in 
the price arrays reflect the average cost of capital . 
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The finance variable is an endogenous variable . Total fixed invest-
ment including the value of breeding livestock was placed in the finance 
column of the input arrays . The columns five through twelve were defined 
as a s ubmatrix in both the input and price matrices . The input matrix 
10 x 8 was multiplied times the transpose of the price matrix 8 x 10 to 
form a matrix 10 x 10. The principal diagonal of the product matrix is 
the total annual operating capital for each of the ten levels . Since op-
erating f unds are invested for about s ix mon ths, the principal diagonal 
of the product matrix was divided by two and then added to the fixed cost 
to complete the total capital required . 
F.quity capital is charged at an opportunity cost of nine percent and 
levered by 35 percent. While 65 percent equity seems high , the capital 
assets are buildings and equipment which are designed almost exclusively 
for hogs and have a low salvage value. Loans on live hogs are only as 
secure as the health of the animals . Since the model includes no land , 
purchased f eed , and an uncertain market , an equity of 65 percent is rea.-
sonable , 
I nterest is charged at 7.5 and 7 , 0 percent on borrowed capital for 
proprietors and corporations respect i vely. Up to 250 sows , proprietor-
ship operation is assumed . With 250 sows or more a corporate for m of own-
ership is likely to prevail for operational considerations , The corporate 
borrowi ng rate is 7 , 0 percent while the individual borrowing rate is 7. 5 
percent . The difference reflects the cor poration's unneeded life insur-
ance covering the mortgage , 
Interviews with bankers of diffe r ent size banks indicate that t here 
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is little diff erence in lending to a farm regardless of form of ownershi p. 
Primary consideration is given to the repayment potential of the farm , the 
projected earnings of the investments, and the ability to withstand risk 
and uncertainty. Corporations can sell stock but this is a method of ex-
panding equity capital . Providing appropriate provisions are made in the 
articles of incorporation, farm corporations can sell bonds. However, 
farm corporations compete at a serious handicap in the bond market . Bond 
buyers are conservative and are not apt to purchase bonds from an unknown 
firm when they can purchase bonds from solid well known corporations such 
as General Motors. Farm corporation bonds can be sold but only at a dis-
count. Cost of sales plus the discounted price generally eliminate bonds 
as a source of corporate farm credit. 
The average price of capital entered i n the price matrix isa weighted 
average computed by adding 0. 35 times the interest rate plus 0.65 times 
the opportunity cost. Assuming an opportunity cost of nine percent and a 
7. 5 and 7. 0 percent interest rate , a verage return to capital is 8.475 and 
8. 30 percent for proprietorships and corporations respectively. 
Deathloss 
Financial loss f rom death is the last variable . Deathloss is com-
puted as dollars rather than in pig numbers for ease of calculation . The 
dollar loss from death is the total cost incurred for the animal to the 
point of death. Since percent deathloss is a unitless number , it can be 
multiplied times the total cost for each level to compute the dollar loss 
caused by death. 
Dollar value of deathloss is computed within the model . Columns 1 
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through 1J in the price and input arrays are defined as a submatrix. 
Again, total cost for the variables in each column is computed by multi-
plying the input matrix by the transpose of the price matrix. The verti-
cal d iagonal is the total cost for each of the ten levels deathloss ex-
cluded . The vertical diagonal of the resulting matrix becomes the death-
loss input coefficient in the input array. 
Empirical estimates of deathloss normally vary f rom under one to 
about five percent annually depending on management . Good managers keep 
close watch on health and take action before death occurs . Poor doers are 
sold to stop losses. This practice eliminates deathloss . Cost of treat-
ment of pigs exhibiting poor performance was estimated in the disease 
variable. With good management deathloss in gestation should average 
about 0 . 25 percent. In the farrowing phase, deathloss increases to two 
percent for the pasture system butremainsat 0 . 25 percent f or the confine-
ment systems. I n the growing phase, facilities have a marked eff ect on 
deathloss . The pasture system should show a bout one percent. Open front -
ed confinement growing facilities are poorly designed f or the small grow-
i ng pig. Quick temperature changes causing fl u and pneumonia should cause 
deathloss to average a bout f ive percent. The pigs in totally controlled 
conf inement systems are not sub jected to the s tresses that pigs in the 
open fronted system are , but will still average 1.5 percent due to con-
finement related problems such as increased cannibalism, tailbiting , etc . 
In the finish phase , deathloss for the pasture system stays constant at 
one percent . The open fronted pi gs are now older so deathloss drops to 
t wo percent. The pigs in the controlled environment should have the low-
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est deathloss in this phase . Fa.r m experience indicates that from 110 
pounds t o market deathloss of a bout 0.5 percent can be expected in t he 
confinement system. 
Summary 
The previous discussion is presented to explain and j ustify the en-
tries ma.de in the coefficient and price ma.trices Tables AJ1 through A102 
in the appendix . Entries in the coefficient arrays a r e total figures 
for each level . By dividing the number of pigs or litters (numbers found 
in t he farrowing budgets as column headings) into the total cost inputs 
per head per litter can be computed for each level of production . Cost 
per pi g r esults follow directly behind the i nput and price arrays . These 
results show the economies of size and are analyzed in the next section. 
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ru;suLTS 
Tabulated results are presented starting with gestation phase and 
proceeding through the finishing phase . Key factors are analysed at each 
phase for each system to determine the cause of cost differences . Compar-
isons between systems are hampered by differences in pr oductivity in the 
farrowing phase . Cost per head can be computed by multiplying cost per 
hundred weight by 2. 35. 
Gestation 
Findings 
Resulting costs per hundred weight for the gestation system are pres-
ented in Table 47. Data given in Table 47 represents all gestation costs 
Table 47 . Gestation cost per hundred weight for pigs produced in pasture, 
open fronted , and controlled systems by level of sows . 
Sows Pasture Open Fronted Controlled 
25 5 . 07 4 . 10 4.15 
50 4. 71 3.66 3. 47 
75 4 . 56 3 . 25 3. 09 
125 4 . 48 3. 31 2 . 62 
250 4.27 3. 16 2 . 52 
375 4.18 2. 78 2 . 21 
500 4.01 2 . 73 2.20 
625 3 . 99 2. 53 2 . 03 
750 3.97 2.52 2 . 08 
1000 3.96 2.53 2 .1 0 
1~ 
for each of the three systems . Data must be adjusted to eliminate dif-
ferences caused by different productivity in the farrowing phase and dif-
ferences in types of breeding stock used before comparison between sys-
tems is valid. 
Source of cost changes 
Costs for the pasture system vary from $5 . 07 to $) .96 per hundred as 
size increases. Cost decreases due to improved input efficiency are f ound 
in the disease, waste, and labor variables. Decreases in feed costs are 
primarily due to lower purchase prices. Decreases in repair, power, and 
finance costs are due to both improved input utilization and lower pur-
chase prices. Decreases in repair, power, and finance costs are due to 
both improved input utilization and lower input prices. Complete input 
and price coefficients for the pasture gestation system are presented in 
Tables A31 through A)4 in the Appendix . 
Complete price and input coefficients for open fronted gestation are 
presented in Tables A55 through A58 in the Appendix. Costs vary from 
$4 .1 0 to $2 . 52 . Cost decreases are caused by lower input prices for feed 
and improved efficiency for buildings , boa.rs , and labor. Less cost both 
from power, and finance also contribute to declining unit costs. Offset-
ting the decrease in cost is an increase in waste disposal cost . 
In the controlled system, waste and odor control costs cause total 
average cost to i ncrease. The total decrease is offset in part by more 
efficient use of buildings, boars , and labor and lower prices and improved 
efficiency for equipment, repairs, disease, power, feed, and finance 
variables . Costs range from $4.15 to $2 . 03 per hundred weight. Complete 
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input and price data for the controlled gestation are given in Tables A79 
through A82 in the Appendix . 
Analysis 
Since gilts are used for breeding stock in the pasture system and 
sows are used in the confinement systems , costs between the pasture and 
confinement systems are not comparable. The stock variables were changed 
by s ubstituting the breeding stock variables for the confinement systems 
into the pasture system. Costs for sows in a pasture system are presented 
in Table 48 along with t he gilt figures for comparison. Sows require less 
Table 48. Comparison of gestation cost gilts vs ., sows , pasture system 
Number Gilts Sows 
25 5.07 J . 39 
50 4 . 71 3. 20 
75 4 . 56 3. 01 
125 4.48 2 . 94 
250 4 . 27 2 . 69 
375 4.1 8 2 . 61 
500 4. 01 2 . 50 
625 3 . 99 2 . 48 
750 3 . 97 2 . 47 
1, 000 3 . 96 2 . 46 
feed because they are not matured from market weight to breeding . Breed-
ing costs for sows are less because boars are used all year. Since the 
feed and breeding costs are reduced , the operating capital is reduced and 
a decrease in the finance charges occurs. 
By using sows in the pasture system, gestation costs per hundred 
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weight are comparable for breeding stock but not between systems . Costs 
based on hundred weight in gestation are effected by changes in productiv-
ity in the farrowing phase. What is the lowest gestation cost per litter? 
Per litter costs were computed and presented in Table 49. Gestation sows 
on pasture is the cheapest followed by open fronted and finally the total-
ly controlled system. 
Table 49. Cost per litter of gestating sows pasture, open fronted and 
controlled systems 
Sows Pasture Open Fronted Controlled 
25 59 . 71 75.08 88. 66 
50 57.32 67 .16 74.16 
75 53. 07 59 . 71 66. 05 
125 51 .73 60.71 65 .74 
250 47.48 57.88 6J . J8 
375 46.02 50.84 55. 54 
500 44.02 50. 01 55 .42 
625 43. 71 48 .28 51 .10 
750 43. 52 46.1 6 52 .23 
1000 4J.41 46.45 52 .77 
Farrowing 
Costs per hundred weight are accurate to compare systems for farrow-
ing costs since they include all costs and productivity variations. Costs 
for each of the three systems are given in Table 50 in cost per hundred 
weight of pork produced. 
Source of cost changes 
Declines in costs in the pasture system are due to lower feed prices 
and improved labor efficiency. Those variables exhibiting lower prices 
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Table 50. Farrowing costs per hundred weight for pigs produced in pas-
ture, open f ronted , a nd controlled systems 
Level Pasture Open Fronted Controlled 
25 6. JJ 7.40 6. 88 
50 6.15 7.07 6.59 
75 5. 65 6,41 5.92 
125 5.48 6.25 5.72 
250 4.98 6.07 5. 54 
375 5. 02 5.85 5. J8 
500 5. 00 5.80 5. 35 
625 5.02 5. 39 4.93 
750 4.97 5.27 4.90 
1000 4.95 5.25 4.93 
and improved efficiency are building , equipment, repairs, and finance, In 
the open fronted system, declining costs are caused by lower feed prices 
and improved labor utilization plus both price reductions and improved ef-
ficiency f or the equipment, repairs, power, and finan ce variables . Be-
cause of the similarity between the open fronted and the controlled far-
rowing systems , cost reductions are found in the same variables. 
Analysis 
Cost per hundred weight in farrowing favors farrowing in the pasture 
system except at the highest three levels of production. The cost of far-
rowing does not estimate the indirect effect of change in productivity in 
the farrowing operation on gestation costs per hundred weight sold. The 
effect is analysed in the conclusion section the best combination of sys-
terns is explained . 
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Growing 
Costs for the growing phase a r e presented in Table 51 . GrowlnR costs 
are not comparable between levels because of the vast differences in total 
production . At level 10 the pasture system produces ?,088 pi gs , the open 
f ronted system 14,886, and the controlled system 20 , 801. 
Table 51 . Grow costs per hundred weight for pigs produced in pasture , 
open f ronted , and controlled systems 
Level Pasture Open Fronted Controlled 
1 5 . 44 4 . 82 5 . 24 
2 5 . 02 4 . 67 4 . 83 
3 5 . 09 5 . 39 5. 33 
4 5 . 62 5 . 27 5 . 20 
5 5. 58 5 . 21 5. 15 
6 5. 55 5. 20 5. 18 
7 5 . 52 5 . 21 5 . 18 
8 5 . 52 5. 18 5 . 12 
9 5. 46 5.1 7 5 . 14 
10 5.44 5.14 5. 17 
Decreasing costs in the pasture variable are caused by lower prices 
for feed and lower prices and improved efficiency for equipment , repairs, 
and financing . The disease variable exhibits both increasing and decreas-
ing costs and has a secondary effect on the finance and deathloss costs . 
In the open f ronted system, decreasing costs are caused by lower prices for 
feed and prices and improved building efficiency. Costs for waste 
disposal increase but not enough to cause total cost to increase . Dis-
ease costs increase , decrease , and then increase again . · l n the con-
trolled syst em , decr easing costs are caused by lower prices for feed and 
1W 
repairs , and improved ef ficiency and lower prices for equipment and fi-
nancing . Increasing costs are found in the waste disposal . For the last 
two levels, increasing costs offset decreasing costs so that total growing 
costs increase per hundred pounds . Disease costs decrease, increase , and 
then decrease again . Complete input and price variable information along 
with total cost per item is presented in the Appendix Ta bles A4J to A48 
for pasture , A67 through A72 for open fronted confinement, and A91 through 
A96 for the controlled confinement. 
Analysis 
The pasture system exhibits declining costs except at the third and 
fourth levels . At the third level antibiotics are fed as the general 
health dictates. The additional expense of antibiotics adds about $. 09 
to the total cost of one hundred pounds of pork produced. Since costs 
increased $.07 per hundred some of the cos t increases are offset . At the 
fourth level antibiotics are fed as part of a disease preventive program . 
The cost of this program adds $.47 to dis ease costs and has a secondary 
effect of $ . OJ addition to the finance costs and about $.01 addition to 
the deathless costs. 
I n the open fronted system, pigs are farrowed quarterly in the first 
two levels. Since there is no reason to move pigs from the farrowing 
facilities at an early age, they are left in the farrowing barn and are 
moved to the finish facilities at about 45 to 60 pounds . Since there are 
no separate grow facilities, building de preciation and equipment costs are 
divided equally between the grow and finish phases at the first two 
levels . At the third level the open fronted grow phase has separate 
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buildings . Though building costs do not increase at the third level , e -
quipment costs climb $ . 08 per hundred , r epair costs increas e about $. 01 
per hundred , and labor costs increase $. 18 per hundred weight . Antibiot-
ics are fed as part of a disease prevention program at the third level . 
This increases disease costs by $. 55 per hundred weight. Because finance 
and deathloss are endogenous , the effect of the increases in exogenous 
variables is that the finance and deathloss costs increase by $ . 06 and 
$ . 02 per hundred r espectively. Since the total of the incr easing costs 
at level three is $ . 90 and total cost increased only $ . 72 , other items 
declined in cost by $ . 18 per hundred weight . 
Like the open fronted system , there are no separate gr ow buildi ngs 
in the controlled grow phase at the first two levels . With the add i tion 
of more buildings , equipment cost increased $.04, repairs $ . 02 , and l abor 
$ . 10. Again like the open fronted system a disease pr evention program is 
required by the movement of large numbers of small pigs . The disease 
prevention program drives up the disease costs by $. 53. The combined net 
increase caused by addition of t he growing facilities and disease pr e-
vention program adds $ . 72 per hundred to the cost of production at the 
third level. Since total cost increases $. 50 per hundred weight , other 
costs decline by $ . 22 per hundred weight. 
Finishing 
Costs f or t he finish phase are presented on a per hundred weight 
basis in Table 52 . Costs are not directly comparable between systems 
because different numbers of pigs a r e produced at the same level . 
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Table 52 . Finish costs per hundred weight f or pigs produced in pasture , 
open f ronted , and controlled sys tems 
Level Pasture Open Fronted Controlled 
1 9 .48 8. 60 8. 62 
2 8 . 75 8.34 8 .22 
3 8 . 73 8.12 8.17 
4 8 , 75 7. 98 8.11 
5 8. 71 7,99 8,1 6 
6 8, 68 8, 02 8. 20 
7 8. 65 8, 02 8. 20 
8 8. 65 7,97 8. 12 
9 8. 59 8, 02 8,1 6 
10 8. 57 7.98 8. 23 
Source of cost changes 
Cost reduction for the pasture system is due to improved efficiency 
and lower prices on equipment, repairs, feed , and f inancing . Declining 
costs in the open fronted s ys tem are due to improved efficiency a nd lower 
prices for feed , equipment, repairs, power, and f inancing , Cost reduc-
tions are offset in large operations by increasing costs for waste dis-
posal, The net effect of increasing and decreasing item costs is almost 
constant cost above the fourth level in the open f r onted system. I n the 
controlled s ys tem, declining costs occur in the cost of bui ldings f r om 
improved efficiency and in the cost of feed, equipment , repairs, and pow-
er f rom improved efficiency and price reductions . Again cost reductions 
are offset by the waste disposal variable until increasing t otal costs 
begin at the fourth level. Costs shift lower at the eighth level but 
continue to increase thereafter. 
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Analysis 
The pasture system exhibits very slight declining costs after the 
second level of production. This relatively constant cost implies that 
resources in the pasture system finishing phase are generally quite divis-
ible and that size is achieved through duplication. No significant 
changes occurred as level of production increased in size . 
The open fronted system stayed almost constant after the third level 
of production . Changes of less than $.05 per hundred weight cannot be 
considered as significant. Feed costs shifted lower by sex separation. 
In the controlled system, costs declined until the fourth level then 
increased. Feed costs declined as pigs were penned separately by sex . 
The improved efficiency gained from this technique lowered cost initially 
but cost continued to increase after the technique was employed . 
Total Cost 
Total cost per hundred weight is the sum of costs presented in Tables 
47 , 50 , 51 , and 52 . Total costs are presented in Table 53 . Since compar-
ison be tween systems at each phase was impossible, total costs are not 
comparable . Though costs ranging from $20.43 to $26. 32 seem high, it is 
the assumption of $3 . 00 per hour labor and 9 percent return on equity 
capital which causes them to be higher than in comparable studies . Total 
cost is divided into its fixed and variable components and discussed by 
system. Fixed costs are the sum of building and equipment costs per head 
divided by 2 . 351 for the pasture system. For the confinement systems , 
1.sxpressed on a per hundred weight basis. 
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total fixed costs are the sum of the building and equipment costs plus 
the fixed portions of the waste disposal costs per head divided by 2 , 35 , 
Tabl e 53 , Total cost per hundred weight for pigs produced in pasture , 
open fronted , and controlled systems 
Level Pasture Open Fronted Controlled 
1 26,32 24 , 92 24 , 88 
2 24 . 6J 23 , 74 23 . 12 
3 24 , 03 23 . 17 22 . 50 
4 24 . 35 22,81 21. 65 
5 23 , 53 22 . 43 21 . 37 
6 23 . 43 21.85 20, 98 
7 23 . 17 21 . 78 20, 94 
8 23 .19 21. 06 20. 21 
9 22 . 98 20.98 20. 28 
10 22 . 92 20. 89 20. 43 
Pasture system 
Fixed and variable costs per hundred pounds for the pasture system 
are presented in Tabl e 54. Fixed cost increases at the fourth level be-
cause all equipment costs are charged against the swine operation . No 
fixed costs were charged to the s wine operation where equipment had a 
zero opportunity cost. At the fourth level , it was assumed t hat all e -
quipment was used entirely by the s wine operation , 
Short-run total cost curves for the pasture system were developed 
from Table 54. The ten short- run curves corresponding to each of the ten 
levels are shown i n Figure 7 . The short-run curves do not tail up in the 
conventional manner because no material indicating results of overcrowded 
f ixed facilities was available for this study. Thus, there is no empir-
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ical f oundation for the positive sloped por tions of the short- run cost 
curves . As the number of pigs in fixed facilit ies increases beyond some 
optimal point, deathless and inefficiency will increase total short- run 
costs per hundred weight. 
Table 54. Average total fixed vari able cos ts per hundred weight pasture 
system 
Level Fixed Variable 
1 1.86 24 . 46 
2 1 . 71 22 . 92 
3 1 . 46 22 . 74 
4 1.53 22 . 82 
5 1 . 48 22 . 05 
6 1.42 22 . 01 
7 1 . J8 21. 79 
8 1.43 21 . 76 
9 1 . JJ 21 . 66 
10 1 . 31 21 . 62 
Articles whi ch describe problems of pen ~ize assume fixed cost is a 
cons tant proportion of total cost . Thus , authors make s pecific recom-
mendations i . e ., 40 pigs per acre . Figure 7 shows t hat in the s hort-run 
fixed costs vary as a proportion of total costs . As f armers attempt to 
change production to ad j ust to price changes in the s hort -run they should 
overcrowd one time and have excess capacity at another for maximum profit .1 
Furthermore, the percent of ftxed cost changes with the different levels 
of production. Level one has fixed costs which a re a fairly large percent 
1rt is assumed that fixed costs are a function of pen s ize . 
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Figure 7. Short- run a verage total cost by level, pasture system 
of total cost as i s shown by the steep slope of SAC1 • However , level ten 
has fixed costs which are a much lower percent of total cost as shown by 
the gentle slope of SAc10• As the size of operation increases , fixed costs 
as a percent of total costs decline and it is likely that optimal penning 
rates also decline. 
Since the slope of SAc10 is less than that of SAC1 , larger operations 
are more flexible in the operating period . They can idle some of their 
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facilities to make major repairs and renovations much more economically 
than small units . Loss from major clean up programs aimed at disease er-
radication and prevention is proportionally less for the larger producer . 
For example, if an operation the size of level ten decreased population JO 
percent, from 7088 to 4962 head annually, total cost increases $.56 per 
hundred weight. But if an operation the size of level one decreased popu-
lation JO percent, from 180 to 126 head annually, total cost increases 
$ , 80 per hundred we i ght. 
The long- run average total cost curve is the envelope of the short-
run curves and is presented as Figure 8 . Great economies of size are 
associated with operations up to 500 head annually. For operations pro-
ducing more than 500 head annually additional savings from expansion to 
2 , 000 head amount to about $.70 per hundred weight . A savings from 2 , 000 
to 7,000 head annually represents slightly more than $.50 per hundred 
weight . Given the long-run average total cost curve in Figure 8 , it is 
reasonable to expect risk and uncertainty to limit size of operations in 
the pasture system to under J,500 head annually. 
Open f ron ted system 
Fixed and variable costs for the open fronted system are presented 
in Table 55 . Fixed costs decline for each increase in size . A sharp 
decline occurs at the sixth level and a lesser decline at the eighth 
level . At the sixth level sows are farrowed in six groups rather than 
three . This change in technique allows a reduct ion of one-sixth in the 
gestation housing costs. A similar reduction in fixed cost occurs at the 
eighth level when farrowing changes to nine groups. 
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Figure 8. Long-run average total cost per hundred weight, pasture system 
Total average short-run costs curves were developed from Table 55 
for the open fronted system. The ten curves corresponding to each of the 
ten levels are presented in Figure 9. Like the pasture system no data is 
available to empirically estimate costs from overcrowding fixed f acilities 
in the short-run. 
Pronounced changes in the slope of the short-run curves occur as the 
11 6 
Table 55 . Average total fixed and total variable costs per hundred weight , 
open fronted system 
Level Fixed Variable 
1 2.1) 22 . 79 
2 1.80 21 . 94 
J 1. 6) 21. 54 
4 1. 56 21.25 
5 1.46 20 .97 
6 1. 28 20 . 57 
7 1. 26 20 . 51 
8 1.22 19 .84 
9 1.20 19 . 78 
10 1.20 19 . 70 
size of operation increases . I t would appear that the larger the opera-
tion the less the slope of the short-run curves regard.less of type of 
system. The difference in the slope between the short-run curves indi-
cates that the larger operations are more flexible, This flexibility is 
important to the confinement system because of a lack of feasible alter-
native uses f or open fronted swine facilities, 
The long-run average cost curve for the open fronted system is the 
envelope curve of the short-run curves. Fi gure 10 shows the long-run 
average total cost curve for the open fronted system. Vast economies of 
size occurs as the firm increases production up to 2000 head annually, 
From 2000 to 9000 head cost per head decline much more slowly. From 9000 
to 15,000 the long-run curve i s almost f lat indicating duplication of 
units is the most feasible form of expansion. 
The shape of the cost curve indicates that where pigs can be sold 
for over $21.00 per hundred the open f ronted system should grow to between 
117 
31 SAC 1 - 30 SAC 2 Ill s.. 
'° 29 SAC 3 ,.... ,.... SAC 4 0 28 -c SA C5 ..._.. 
..... 27 SAC 6 :c SAC 7 (..!) ...... 26 
w SAC 8 3 
0 25 SAC 9 w 
0:: 24 0 
z: 
~ 23 :c: 
0:: 
w 22 
0.. 
..... 21 
V') 
0 
u 
0 2000 4000 6000 8000 10000 12000 14000 
ANNUAL PRODUCTION (number of pigs) 
Figure 9. Short-run average total cos t by level, open fronted system 
7000 and 9000 head produced annually. It should be noted that costs as 
budgeted include 9 percent return to equity and $) . 00 per hour labor . 
This optimal size is for an open fronted system as defined . I t does not 
include any possible hybrid systems . 
Controlled system 
Fixed and variable costs f or the controlled system are given in 
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Figure 10. Long-run average total cost per hundred weight, open fronted 
system 
Table 56. Fixed costs decline until t he last level where they stay con-
stant. At the s ixth level, there i s a distinct change in the rate of de-
cl ine due to t he farrowing reorganization which resulted in reduced bui l d -
ing cost in the gestation phase . Again a slight cos t reduction at the 
eighth level is caused by a change in the farrowing and gestation build-
ing utilization. 
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Table 56. Average total f ixed and var iabl e costs per hundred weight all 
phases , controlled system 
Level Fixed Variable 
1 J . 03 21. 85 
2 2 , )4 20. 77 
J 2 . 20 20 . 30 
4 2 . 08 19 . 57 
5 2 . 00 19 . 37 
6 1. 84 19 .14 
7 1 . 80 19 . 13 
8 1 . 78 18. 43 
9 1 . 75 18 . 53 
10 1.75 18. 67 
Short- run a verage total cost curves were constructed using the data 
i n Table 56. The t en curves associated with each of the ten levels of 
production are presented in Figure 11 . As with the pasture and open 
f r onted sys tems, the negative s l ope diminis hes much more rapi dl y as size 
i ncreases. Again t his i mplies greater operational f lexi bility as the 
number of head produced annually increases. Like the open fronted system, 
the controlled s ystem has a very limited alt erna t e use for it ' s facili-
ties . The gentle s l ope of the l arge s cale short- run curves implies great-
er a bility to maxi mize short-run profits . 
The envelope curve of the short- run curves in Fi gure 11 is present ed 
in Fi gure 12. Fi gure 12 shows that economies of size in t he long- run 
are f or all practical purposes exhausted by operations pr oducing up t o 
9000 head annually . The size of optimal operation is pr obabl y between 
6000 and 9000 head annually. Risk and uncer tainty would dictate it more 
feasible to have t wo independent plants producing 9000 head than to have 
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one plant prcxiucing 18 , 000. 
Alterations 
Costs within the mcxiel wer e changed to reflect first $2.00 per hour 
labor cost and then $2 . 00 per hour and no return on equity capital . The 
following tables summarize the changes for each phase in turn . Although 
labor and capital price variabl es wer e changed , the analysis of the re-
sults is generally the same as under the original assumptions . The change 
to no return on equity capital does show costs favoring the controll ed 
system especially i n the growing and finishing phases , Comput ing returns 
to equity as a residual favors capital intensive prcxiuctive methcxls . 
Table 57 . Comparison of costs by change of assumption gestation phase , 
pasture system 
Gilts Or iginal $2 . 00/hr. $2 . 00/hr. + 0% 
25 5. 07 4.82 4 . 56 
50 4 . 71 4 . 50 4 . 26 
75 4.56 4 . 39 4 . 15 
125 4.48 4 . 35 4.10 
250 4 . 27 4 . 14 J . 90 
375 4 . 18 4 . 04 J .82 
500 4 . 01 3 . 88 3 . 66 
625 J . 99 J . 86 J . 64 
750 J . 97 3. 84 J . 62 
1000 J . 96 3. 82 J . 61 
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Table 58 . Compar i s on of costs by change of a ssumpt i on gestation phase , 
open f r onted system 
Sows Ori ginal $2 . 00/hr. $2 . 00/hr . + 0% 
25 4 . 09 3. 97 3. 54 
50 3 . 66 J . 54 3. 15 
75 3. 25 3, 14 2 . 81 
125 3 , 31 3. 20 2 . 86 
250 3 . 16 3. 04 2 . 70 
375 2 . 78 2 . 66 2. 39 
500 2 .73 2. 62 2 . 35 
625 2 . 53 2. 42 2 . 16 
750 2 . 52 2. 41 2 . 16 
1000 2 . 53 2, 42 2 .1 6 
Table 59. Compar ison of costs by change of assumption gestation phase , 
cont r oll ed s ystem 
Sows Original $2. 00/hr. $2 . 00/hr. + ()1/o 
25 4 , 15 4 . 05 3. 47 
50 3. 47 3. 37 2 . 92 
75 3, 09 3. 00 2 . 61 
125 2 . 61 2 . 54 2. 21 
250 2 . 52 2 . 44 2. 12 
375 2 . 21 2 , 13 1.86 
500 2 , 20 2 .12 1.86 
625 2 . 03 1.95 1. 71 
750 2 . 08 2. 00 1.75 
1000 2 . 10 2 . 02 1.77 
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Table 60 . Comparison of cost s per litter for sows by change of assumption 
gestation phase, pasture system 
Sows Original $2 , 00/hr. $2 . 00/hr. + o;r.; 
25 25 . 71 55 . 34 50 , 76 
50 56, 32 52 , 70 48.47 
75 53, 07 50, 06 45, 82 
125 51. 7J 49, 53 45,12 
250 47 .48 45 .12 40, 89 
J75 46, 02 4J . 5J 39 , 66 
500 44,02 41 . 77 37 , 89 
625 4J . 71 41.42 37 , 54 
750 4J . 52 41.24 37 , 36 
1000 43.41 40, 89 37 .19 
Table 61 . Comparison of costs per litter by change of assumption gesta-
tion phase, open fronted system 
Sows Original $2 , 00/hr, $2 . 00/hr . + rtYo 
25 75 , 08 72 , 77 64. 89 
50 67 , 16 64 . 89 57 . 74 
75 59 , 71 57 , 56 51 . 51 
125 60, 71 58, 66 52 .42 
250 57 , 88 55 , 72 49 .49 
375 50. 84 48. 76 4J , 81 
500 50 , 01 48 , 02 4), 08 
625 48 .28 44 . }6 39 , 59 
750 46. 16 44 .1 8 39 , 59 
1000 46,45 41. }6 J9 . 59 
125 
Table 62. Comparison of costs per litter by cnange of assumption gesta-
tion phase, controlled system 
Sows Original $2 . 00/hr. $2 . 00/hr . + 0'1/o 
25 88. 66 86. 61 74 .21 
50 74 . 16 72 . 07 62 .44 
75 66. 05 64.1 6 55. 81 
125 65 .74 63 . 87 55. 57 
250 6J . J8 61. 35 SJ . 31 
375 55 . 54 53. 56 46 . 77 
500 55 .41 53. 21 46 . 77 
625 51.1 0 49. 03 4J. OO 
750 52 .23 50. 29 44. oo 
1000 52. 77 50. 79 44 . 51 
Table 63. Comparison of costs by change of assumption farrowing phase, 
pasture sys tem 
Sows Original $2 . 00/hr. $2. 00/hr. + Ofo 
25 6. J J 5. 79 5. 48 
50 6.1 5 5. 68 5. 31 
75 5, 65 5.2J 4 .93 
125 5.48 5, 07 4 , 77 
250 4 . 98 4,40 4 . 30 
375 5. 02 4, 60 4 . 33 
500 5. 00 4 , 58 4. 31 
625 5. 02 4, 60 4, 33 
750 4 , 97 4 , 55 4. 29 
1000 4. 95 4 , 53 4 , 28 
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'!'able 64 . Comparison of costs by change of assumption fa rrowing phase , 
open fronted system 
Sows Original $2 . 00/hr. $2.00/hr. + 0% 
25 7.40 6.96 6. 38 
50 7. 07 6. 63 6. 11 
75 6.41 5.97 5. 60 
125 6.25 5. 82 5.47 
250 6. 07 5. 66 5. 33 
375 5. 85 5.44 5.12 
500 5. 80 5.40 5. 08 
625 5. 39 4. 99 4 . 68 
750 5. 27 4. 91 4 . 61 
1000 5.25 4.90 4. 59 
Table 65. Comparison of costs by change of assumpti on fa rrowing phase, 
controlled system 
Sows Original $2 . 00/hr . $2 . 00/hr. + 0% 
25 6. 88 6. 50 5.94 
50 6. 59 6.21 5. 70 
75 5. 92 5. 54 5.17 
125 5. 72 5. 36 4 .97 
250 5. 54 5.19 4 . 82 
375 5. 38 5. 03 4 . 67 
500 5. 35 5. 02 4 . 62 
625 4. 93 4 . 61 4.27 
750 4 . 90 4 . 59 4 .25 
1000 4 . 90 4. 62 4,27 
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Table 66. Comparison of costs by change of assumption growing phase , 
pasture system 
Level Original $2 . 00/hr. $2 . 00/hr . + 0% 
1 5. 44 5.28 
2 5. 02 4 . 86 
3 5. 09 4 . 93 
4 5. 64 5.46 
5 5. 58 5.42 
6 5. 55 5. 39 
7 5. 52 5. 36 
8 5 . 52 5. 36 
9 5.46 5 . 30 
10 5.44 5 . 28 
Table 67 . Comparison of costs by change of assumption growing phase , 
open fronted system 
4 . 96 
4. 58 
4. 66 
5.16 
5.13 
5. 11 
5. 08 
5. 08 
5. 04 
5. 02 
Level Original $2 . 00/hr . $2 . 00/hr. + Ofo 
1 4 . 82 4 . 75 4 . 50 
2 4 . 67 4 . 60 4 . )8 
3 5, 39 5,27 5, 01 
4 5. 27 5.1 5 4 .91 
5 5. 21 5. 09 4. 86 
6 5.20 5. 08 4, 85 
7 5. 21 5, 09 4. 86 
8 5. 18 5. 05 4, 82 
9 5 . 17 5, 05 4. 82 
10 5. 14 5. 02 4. 80 
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Table 68 . Comparison of costs by change of assumption growing phase , 
controlled system 
Level Original $2 . 00/hr , $2 . 00/hr . 
1 5. 24 5. 04 
2 4 . 8J 4 , 70 
3 5. 33 5. 22 
4 5,20 5 . 09 
5 5 . 15 5. 04 
6 5. 18 5. 06 
7 5. 18 5. 06 
8 5, 12 5. 00 
9 5.14 5. 02 
10 5. 16 5, 05 
+ ()%, 
4 . 67 
4 .40 
4 . 90 
4 . 79 
4 , 75 
4 . '/8 
4 . 78 
4 , 73 
4 . 75 
4 . 77 
Table 69 . Comparison of costs by change of assumption fi nishing phase , 
pasture s ystem 
Level Original $2. 00/hr , $2 . 00/hr. + O'fo 
1 9 .48 9. 32 8 . 89 
2 8 , 75 8. 59 8 . 21 
J 8, 73 8. 57 8. 19 
4 8. 75 8. 59 8 .21 
5 8. 71 8, 55 8. 17 
6 8. 68 8 , 52 8 .15 
7 8 . 65 8. 49 8 , 12 
8 8 . 65 8 .43 8 . 12 
9 8 , 59 8. 41 8. 08 
10 8 , 57 8. 41 8. 06 
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Table 70 . Comparison of costs by change of assumption finishing phase , 
open f r onted system 
Level Original $2 . 00/hr. $2 . 00/hr . + 0/~ 
1 8. 60 8 . 51 8 . 04 
2 8. 34 8 . 26 7. 85 
J 8 .12 8 . 04 7. 70 
4 7. 98 7 .91 7. 58 
5 7. 99 7. 90 7 . 58 
6 8. 02 7. 94 7 . 62 
7 8. 03 7 .94 7 . 62 
8 7. 97 7. 88 7 . 56 
9 8.02 7.93 7 . 62 
10 7 . 98 7. 89 7 . 58 
Table 71. Comparison of costs by change of assumption finishing phase , 
controlled system 
Level Or i ginal $2 . 00/hr. $2 . 00/hr. + Oi~ 
1 8. 62 8 . 62 8. 15 
2 8 .22 8 . 22 ( . b2 
3 8 . 17 B. 09 7. 62 
4 8 . 11 6 , 04 7. 61 
5 8. 16 8. 08 7. 65 
6 8. 20 8 .12 7. 69 
7 8. 20 8 .11 7. 69 
8 8.12 8. 04 7. 62 
9 8. 16 8. 08 7. 66 
10 8, 23 8.14 7. 72 
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Table 72 . Total cost per hundred weight with $2/hr. by system 
Level Pasture Open Fronted Controlled 
1 25. 21 24 . 18 24 . 21 
2 23. 64 23 . 03 22 . 50 
3 2J.1 2 22 . 42 21. 84 
4 23 . 67 22 . 09 21. 02 
5 22 . 52 21. 69 20. 74 
6 22 . 56 21.12 20. 34 
7 22 . 30 21. 05 20 . 32 
8 22 . 32 20 . )4 19 . 61 
9 22.12 20 . 30 19 . 69 
10 22 . 05 20 . 22 19. 83 
Table 73 . Total cost per hundred we ight $2/hr . and no return to equity 
by system 
Level Pasture Open Fronted Controlled 
1 23 . 90 22 . 45 22 . 23 
2 22 . 37 21.49 20. B) 
3 21.93 21.11 20. J l 
4 22 .44 20. 82 19 . 58 
5 21. 50 20. 47 19 . J4 
6 21 .41 19. 98 19 . 00 
7 21 . 17 19 .92 18. 95 
8 21 .1 7 19 . 23 18 . 32 
9 21. 0J 19 . 20 18. 40 
10 20. 97 19.l J 18 . 53 
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CONCLU~ lUNS 
Optimal Production System 
Gestation 
Although it was impossible to compare costs at each level to de ter-
mine the best over-all combination of systems , it is possible to compare 
them by manipulations which eliminate bias . As s hown in Tables 47 and 
49 , gestating costs per hundred were not an accurate comparison of costs . 
By deleting the effect of differences in breed ing stock a nd showing cos t 
per litter , Table 49 showed that pasture gestation was t he least cost 
method. Since all costs were dependent on the number of s ows, each leve l 
in Table 49 was comparable. By dividing the cost per l i tter by the 
number of pi gs per l itter times 2. 35 ( weight in hundred pounds per pi g) 
cost per hundred weight can be derived for gestation pasture with f ar-
rowing in the pasture , open fronted , or controlled systems. These costs 
are shown in Table 74 . The increased productivity in the confinement 
systems account for the decrease in costs. 
F'arrowing 
Long-run average total cost curves were computed f or the farrowing 
costs for each of the three systems. Since these curves are scaled by 
cost per unit of output they are comparable. Fi gure 13 s hows the far-
rowing costs per hundred pounds a s size of operation increases for each 
of the t hree systems. Figure 13 shows that comparative costs favor the 
pasture system. Savings over the controlled system range from about 
$ . 70 per hundred weight at 1, 000 head to $. 40 per hundred weight at 
1)2 
1able 74 . Costs per hundred weight for pasture gestation by t ype of 
farrowing 
Sows .Pa sture Open ~'ron ted Controlled 
25 
50 
75 
125 
250 
J75 
500 
625 
750 
1000 
J . J9 
J . 20 
J . 01 
2. 94 
2. 69 
2 . 61 
2 . 50 
2.48 
2 . 47 
2 .46 
J . 26 
J . 07 
2. 90 
2 . 82 
2 . 59 
2 . 51 
2. 40 
2. 38 
2 . J7 
2. J6 
a Change to 9 . 7 pigs weaned because of nurser. 
2 . 79 
2 . 63 
2 .48 
2 . 06a 
t. 89 
L BJ 
1. 75 
1. 74 
1. 7J 
1. 73 
7 , 000 head , It is a pparent t hat in the pasture system costs have leveled 
off and have become constant. If the costs were projected at a constant 
rate for the pasture system, the farrowing costs in the pasture system 
would a bout equal those of the controlled system at 15 , 000 head 
The inverse relationship be tween farrowing productivity and gestation 
costs is shown in Table 74. The costs in Table 74 are added to the costs 
in Table 50 to give the cost f or gestation on pasture and farrowing in 
the pasture , open fronted , and controlled sys tems . The sum of costs in 
Tables 50 and 74 a re shown in Table 75. When the gestation costs are con-
sidered there is no significant diff erence in cost for feeder pi gs pro-
duced in the pasture or controlled systems up to 7 , 000 head . Por levels 
of production larger than 7 , 000 head costs probably favor the controlled 
farrowing . Costs are not the only consideration. Pasture farr owing 
makes t he hog operation have seasonal aspects. Pigs produced on pasture 
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Table 75 . Total pasture gestation and farrowing costs per hundred weight 
of 2J5 pound animal sold by method of farrowin g 
Sows Pasture Open Fronted Controlled 
25 9.72 1o. 66 9. 67 
50 9.J5 10.14 9.22 
75 8.66 9. Jl 8.40 
125 8.42 9.07 7. 78 
250 7. 67 8.66 7.4J 
375 7. 6J 8. J6 7.21 
500 7. 50 8.20 7 .1 0 
625 7. 50 7. 71 6. 67 
750 7.44 7. 64 6. 6J 
1000 7.41 7. 62. 6. 66 
generally are marketed at a seasonally low market. This lower market 
price received eliminates any cost advantage. The controlled system shows 
declining costs until a level of about 15, 000 head . \rlhen one considers 
that gestation costs decline as well , the costs and prices received favor 
feeder pig production on large scale units with sows gestated on pasture 
and farrowed in controlled confinement. 
Growing and finishing 
Short-run cost curves were computed for the growing phase . Their 
envelopes are pres ented in Figure 14. As shown growing costs in the open 
f ronted controlled systems are a lmost identical . Both confinement systems 
a r e slightly more efficient than the pasture system. All systems show no 
decrease in costs for levels of production greater than 2, 000 head annual 
production . 
The l ong-run cost curves for the finishing phase are shown in Figur e 
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15 . Comparative costs in Figure 15 favor the open fronted system. Again 
there is no significant reduction in costs beyond 2 , 000 head . Risk and 
uncertainty tend to limit plant expansion. If producers only produce pigs 
in the growing and finishing phases , operations of f rom 1 , 500 to 2 , 000 
head are as efficient as l arger o perations . 
Analysis of ~conomies of Size 
Optimal organization 
Grow and f inish costs for all systems are almost constant for levels 
above 2 , 000 head. Gestation and farrowing costs in Ta ble 75 do not become 
constant until about 15,000 head. Declining costs shown in Figures 8 , 
10, and 12 were from reduction in farrowing costs for operations larger 
than 2 , 000 head . Accordingly , the implication i s that t he tendency wil l 
be toward increased specialization in farrowing activities with large far -
rowing plants and many dii'ferent fattening operations . Where farrowing is 
eliminated, fatten ine pigs with l ess than 2 , 000 head pr oduced a nnually is 
still probably within the range of complementary and supplementary rela-
tions hips for the large commercial farms. 
Vertical relationships 
Small producers generally grind , mix, and store the feed because 
they feed home grown grains . This practice lowers feed costs by $15 to 
$20 per ton . Generally feed is ground with labor that has a low oppor -
tunity cost . No delivery or trucking is needed. Storage is normally 
accompl ished with about the same labor as moving the feed to off- farm 
storage. Thus, the feed cost for grinding , mixing , and delivering is re-
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duced to the fixed costs plus power costs . Us ing an over-all feed con-
vers i on of four to one, the total savings of ,$) . 00 per hundred weight 
seems possible for farms in the first two levels which store , grind , and 
mix their own feed . 
Large producers would not probably be able to supply all their feed 
needs and could not probably jus tify the cost of a complete mill . Thus , 
much of the economies of size can be eliminated when the vertical rela-
tionships are considered . Much more work must be done in the area of 
vertical production r elationships. 
Supporting studies 
The general cost level in this study is supported by Mueller and 
Kesler ( 6/.~) who found that based on buildinK s ystems, break- e ven market 
prices ranged from $19. 60 to $22 . 61 . Since their study was based pri-
marily on buildings , further comparison i s not warranted. r'indin~s with 
respect to open fronted facilities vs ., controlled environment facilities 
are supported by Jones et al. (48) and Fritschen (19) . Jones et al. 
and Fritschen base their conclusions for open f ronted facilities on wean-
ing to market. By summing the data presented in the grow and finish 
faci lities or by using the same facilities for both, the data presented in 
this s tudy is in complete agreement . 
I mplications 
The implications of the cost curves with respect to an optimal system 
are not as straight forward as they seem. By considering the time neces-
sary to shift along the long- run total cost curve, one concludes that the 
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sy~ tcms are far from equal. By purchasinp: bred r, llts , fa rmers can be 1. n 
a pasture farrowing system within weeks thereby increasinp: production to 
take advantage of higher prices. Because of greater flexibility of the 
pasture system and because of the small cost d i ffe rences, farmers should 
expand in the pasture system as prices increase. Sherif (77) reports that 
when farmers expand they in fact add a pasture system to the system that 
they are presently using . 
No definite conclusion is possible as to the form that production 
will take without considering in detail t he effect size will have on mar-
keting costs and the vertical relationships . If packers show a pr i ce 
preferen ce f or pork produced on large farms , the large specialized farms 
will have a competitive advantage . Anything which effects t he cost of 
f eed will alter the size of operation since f eed costs without cos t of 
medication composes slightly more than 60 percent of total cost . 
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SUMMARY 
The purpose of this study was to estimate empirically the economies 
of s ize associated with specialized non integrated swine enterprj s es in 
cent ral l owa. Costs f or ten levels of production from 2) to 1, 000 sow;. 
were boogeted . Three. management s ystems were exa mined at each of the ten 
levels . The pasture , open fronted confinement , and controlled environment 
management systems were each divided into gestation , farrowing , growing , 
and finishing phases . Questions of vertical integration were not consid-
ered . 
Costs were budgeted from research and eng ineering data for eac h 
phase . Total costs were divided into fixed and variable components . 
~hort-run cost curves were developed for each of the three systems . 
Short- run cost curves in all three management systems had steeper slopes 
in enterprises with small numbers than in enterprises with large num bers . 
The change in slope shows that fixed costs are a decreasing percent of 
total cost . This means smal l operations tend to be less f lexible than 
larger operat ions with res pect to fixed resource use. The long- run cost 
curve declined until about J , 500 head were produced annually in the pas-
ture sys tem. For production greater than J , 500 head , costs tended to be 
constant. In the open f r onted system, costs declined until annual pro-
duction reached 9 , 000 head . For levels of production in excess of 9 , 000 
head , costs were about constant . In the controlled system, cost economies 
were almost completel y exhausted when annual production reached 9 , 000 
head . Unlike the other two systems, the controlled system showed slight 
diseconomies of size when annual production r eached 20,000 head because of 
increased manure disposal a nd odor control costs . 
Al though comparisons between systems were difficult because of dif-
ferences in productivity , s ome conclusions were possible . Lower fixed 
costs caused the pasture system of gestation to be most economical even 
though feed costs were higher and concept ion rates lower . The totally 
controlled environment system was most pr oductive in the farrowing phase . 
This higher productivity offset higher fixed costs of farrowing a nd low-
ered gestating costs per pig produced . Combining the highly pr oductive 
controlled farrowing wi th pasture gestation formed the most eff icient 
feeder pig operation. Gr owing and finishing costs favored product ion in 
the open f ronted system because of l ower total overhead plus feed costs . 
When equity capital r ece ived a zero percent r eturn instead of a nine per-
cent return , growing and finishing cos ts favor ed the controlled system. 
The optimal size f or the feeder pig production was about 15, 000 head 
annual production . The optimal size for the growi ng and f inishing opera-
tions was 2 , 000 head annual production . If marketing costs are ke pt near 
zero l arge farrowing operations s upplying several f eed i ng oper ations is 
the optimal organization based on costs a l one . 
Vertical r e l a tions hips were not examined in this study. Producers 
who supply the ir own feed may lower production costs by as much as $J . OO 
per hundred weight . large producers cannot supply all their feed econom-
ically . Large producers may be able to differ entiate their product by 
mainta i ning high quality control measures . Consideration of the vertical 
production and marke t relationships is necessar y before any meaningful 
concl usions are possible with respect to the ultimate organization of the 
s wine i ndustry . 
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APPl!:NOIX 
1)2 
Table Al. Cos t of fence gestation txtsture sys tem by number of sowsa 
25 Sows 50 Sows Added 25 Sows 
Fence b $ 90.00 150.00 60.00 
ind Posts
0 
b 8.oo 12.00 4.oo 
Brace Posts 8.00 14.00 6.00 
Braces 12.00 21.00 9.00 
Brace wire b 8.oo 14.00 6.oo 
Metal Pos t;s b 48.)6 79.98 Jl .62 
Barb Wire 1). 50 22.50 9.00 
Fasteners b 1.00 1. 50 • 50 
Labor 18.00 ~ 12.00 Total Cost 206.86 9 1)8.12 
Amortized 10 yrs. 20.69 )4.50 lJ.81 
1 yr . 10.35 17.25 6.90 
1~ Price reduction per yr. 1.89 3.1 5 1.26 
25% Price reduction per yr. 4. 72 7.87 J.1.5 
a Source : Mi dwest F'arm Planning Manual updated with local prices . 
bDiscounted items . 
Table A2. Cost of farrowing and pig waterer pasture system 
Waterer 
Wa tersr Pads 
Hose and Valves 
Total 
Amortized 5 yrs. 
1/3 each phase 
Tax Value 
10% Price Savings 
25% Price Savings 
Table AJ. Cost of pig creep feeder pasture system 
Pig Creep Feeders 
Allortbed 15 yrs. 
Tax Value 
5% Price Discount/yr. 
2~ Price Discount/yr. 
$ 56.80 
18.00 
1.JO 
76.10 
15.22 
5.07 
)8.05 
s.6a 
1.5.52 
$ 62.oo 
4.13 
31.00 
.21 
.BJ 
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Table >.4. Cost of concrete feeding floors 
Feed floor 12 • x 16' concrete ~ 65¢ ft. 
Poata J @ 97¢ 
Gate boa.rd. 4 1 x 6 x 16 @ 20t/bd.ft. 
Total installed 
10 year life 
Table A5. Tax valuation selected equipaent' 
Portable sow sheds 
Swine over 9 •o. 
Poat hole digger 
Feeders aet&l 100 bu. 
Feeder• metal 110 bu. 
Hog houaea 
Crates 
Feed tanks 
Creep feedirs b 
Feed wagon 
Tractor 
a Source : Iowa Tax 8va luator s Guide . 
bitems not covered a ssume 50 percent pur chase price . 
Table A6. Cost of water syatea by gallon per hour capacity 
Gal/hr. 302 3)5 504 
Pullp $ 212.00 248,00 306.00 
Drilling 980.00 980.00 980.00 
Sand screen 400,00 400,00 400.00 
Drag shoe 25.00 25.00 25.00 
Pressure tank 160.00 160.00 160.00 
Installation 50.00 50.00 50.00 
Wire 7 pipe 121.50 121 • .50 135.00 
Housing 175.00 175.00 175.00 
Cost of well 2,123.50 2 ,1.59.50 2,231 .00 
Pipe & a1ac, fittings JJ.90 67.80 101. 70 
Cost of •yatea 2,f.'7.40 2,227.JO 2,332,70 
Amortised 10 yr. life 21.5.74 222.73 2)).27 
Cost per aegiaent .5J.94 55.68 58.)2 
$ 124.80 
2.91 
6,40 
1)4.11 
1).41 
$ 250.00 
80.00 
180.00 
100.00 
110,00 
40.00 
J0.00 
220.00 
31.00 
825.00 
800,00 
701... 
400.00 
980,00 
400,00 
25.00 
160.00 
50.00 
135.00 
175,00 
2,325.00 
1J5.60 
2,460.60 
246.oo 
61.50 
1'&.ble A?. 
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a COllp&ratlve ooat of feed ayste11 by t ype 
Feeders Floor feed no.1 Floor feed no.2 
Bulk bin 
Feed era 
Auger (basic) 4" x 15 • 
8 extentiona 4" x 15 ' 
1 .. 4" x 7• 
1 hopper 
Switch 
Motor 3/4 hp. 
Flex drop 
Install& ti on 
Hangers 
Wire cl aisc. 
150 ft. @ 15¢ ft. 
Total 
Leas 10% discount 
Leas 25~ discount 
aAssume 400 head unit . 
1,634.50 
2?.95 
120.00 
15. 65 
19.25 
12.55 
95.50 
89.50 
;o.oo 
96.00 
~ 
2,I'S9.T0 
$ 400. 00 
400.00 
612.00 
240.00 
300.00 
60.00 
33.00 
28.50 
2,073.50 
2,0?J.50 
2,0?J.50 
400.00 
630.00 
441.00 
60.00 
273.25 
95.00 
60.00 
33.00 
28.50 
2,020.75 
2, 020. 75 
2,020.75 
Table A8. Coat of sow-waterer• pasture ayatea by size of waterer 
Sows per waterer 
Waterera 
Pipe 100 ft . @ $ 7.59 
Wire 100 ft. • 20¢ 
Ina tall& t1 on 
digging 
poat 2 •••• 97t 
00..roa 2 pea. 1" x 8' • 2<>;/bd.rt. 
CeHnt. 6' x a· @ 65- eq.rt. 
la.bor 4 hr. e $J./hr. 
Total 
Aaort1Hd. 10 yr. life 
10% discot.mt/yr. 
25% diaoount/yr. 
25 
$ 5?.45 
1.59 
20.00 
1.5. 00 
Jl.20 
12 00 
143:24 
14,)2 
.as 
2.12 
50 
99.20 
7.59 
20.00 
15.00 
1.94 
.ao 
62.40 
12.00 
218.9J 
21.89 
1.28 
J.21 
Table A9. Annual cost gestation buildings pasture system by number of sows 
Son 25 50 75 125 
Groups 1 2 J 5 
Bldg. coat I .-.JQ. ea, $ 450.00 900.00 1,350.00 2,250.00 
Coat over 10 yr. life 45.00 90.00 1)5.00 225.00 
t to gestation 22.50 45.00 67,50 112.50 
Bedding • 3.5t/blJ.e 14.oo 28.00 42.00 70. 00 
!And. 6 ao. • $ JO/acre/yr. 18.75 J7.50 56.25 93. 75 
Inauranc• 
Liability & coapnhenaive .oo .oo .68 . 68 
Fire, theft & wind .?9 1.58 2.38 J .96 
Taxes ( Bldg. only) ~ ~ .oo .oo Total coat 7 11?. 16B:81 280. 89 Le•• net prioe discount .oo .oo .oo .oo 
Total diacoun ted. ooa t .58.74 11? .48 168.81 280. 89 
Table Al O. Annual cost ~esta.tion equi~ment pasture syst~m oy number 01 sows 
Sowa 25 50 75 125 
Group• 1 2 3 5 
W&terera electric hu.t 
lnat&lled 10 yr. ?.16 10.95 18.13 29. 06 
Feed floors 10 yr. 6.71 6.71 6.71 t J . 41 
F9nce 10 yr. 10.35 17.25 24.15 J? . '15 
Feed wagon .oo .oo .oo .oo 
Poat hole digger J • .50 J. 50 3.50 6. 12 
Tractor .oo .oo .oo .oo 
Pipe• & water ayatea .45 .50 1.70 53. 94 
Miac. equip, 5.00 5.00 6.25 6.25 
Ta.xea J.86 5.01 6.39 9.64 
In..ra.nce 1.08 1.81 ~ ~ Total coet. )8.11 56.73 .7 1 • 31 
Leas net price discount 
W&tenra .oo .oo .oo . oo 
Fence .oo .oo .oo .oo 
Misc. equip. .oo .oo .oo .oo 
Total discount .oo .oo .oo .oo 
Total discounted coat )8.11 50.73 68.?8 161.)1 
250 
10 
4 , 500. 00 
450. 00 
255 . 00 
140. 00 
187 . 50 
1. 35 
7. 92 
. oo 
561 . 77 
11.25 
550. 52 
250 
10 
54, 75 
26. 82 
72 . 45 
41.25 
6.12 
25 . 00 
55. 68 
7.50 
25. 86 
9. 82 
325. 25 
• 00 
. oo 
. oo 
• 00 
325. 25 
375 
15 
6,750 . 00 
675 . 00 
337. 50 
210. 00 
281.25 
2. 70 
11. 88 
. oo 
843. 33 
16. 87 
8)6. 46 
375 
15 
8J . 81 
33. 53 
106.95 
41. 25 
6.12 
25. 00 
58. 32 
8, 75 
31.97 
11.89 
407. 59 
4 . 90 
9 . 77 
. 87 
15. 54 
392 . 05 
156 
500 
20 
9, 000. 00 
900. 00 
450. 00 
280. 00 
375. 00 
2. 70 
15. 84 
. oo 
1,123. 54 
22 . 50 
1,101. 04 
500 
20 
109. 50 
46. 94 
141.45 
41.25 
6.12 
25 . 00 
61.50 
8, 75 
40. 67 
14. 84 
496. 02 
6,40 
12. 92 
. 87 
20.19 
475. 83 
625 
25 
11,200. 00 
1, 120. 00 
560. 00 
350. 00 
468 . 75 
2 . 70 
19 . 71 
1 J . 50 
1,414.66 
28. 00 
1, )86. 66 
625 
25 
138. 56 
60 . 35 
175 .95 
82 . 50 
6.12 
50. 00 
114. 00 
8. 75 
48. 6) 
~ 7 .1 
8.1 0 
16. 07 
• "7 
25 . 05 
679 . 09 
750 
JO 
13 , 500. 00 
1, 350. 00 
675 . 00 
420. 00 
562 . 00 
2.70 
23 . 76 
27 . 00 
1, 71 o.46 
67 . 50 
1. 632 . 96 
750 
JO 
164. 25 
67 . 05 
21 o. 45 
82 . 50 
12 .24 
50, 00 
11 6. 64 
8. 75 
55. 47 
21.61 
788. 96 
24 . 00 
47 . 08 
2,1 8 
74 . 36 
714. 60 
1000 
40 
18, 000. 00 
1, 800. 00 
900. 00 
560. 00 
750. 00 
J . 04 
31 . 68 
si oo 
2, 29 . 7 
90. 00 
2, 208. 72 
1000 
40 
219. 00 
9J. 87 
279. 45 
82 . 50 
12 .24 
50. 00 
123 , 03 
10. 00 
71 . 03 
26 . 90 
968. 02 
32 , 00 
63 ,92 
2. 50 
98. 42 
869 ,60 
Table All . Annual cost farrowin~ build i ngs pastlil'e system by number of s ows 
Sova 25 50 75 125 
L1 ttera 24 48 71 118 
Pigs weaned 180 J60 532 885 
Bldg. cost $ 1,008.00 2,016.00 1, 512.00 2,478.00 
Aaortbed. onr 7 yr. 144.oo 288.00 216.00 354.00 
Beddin« • )5¢/bale 8.40 16.80 2~.85 41.)0 
Land 1/J x $ JO/ac-re 
7 sowa/ac-re )4.29 68 • .58 101.43 168.57 
Insurance 
Liability & coaprehenaive .oo .oo .68 .68 
Fin, theft and wind 3.55 7.10 5.33 8.?3 
Ta.xeaa 20.~ 41!48 1z!60 6*:~ Total coat 210. 421.96 )65.89 
Less net price diaoount .oo .oo .oo .oo 
Total diaco\Dlted cost 210.94 421.96 365.89 624.26 
Includes pers ona l pr operty exempt ion at dif fer i ng levels . 
Table A1 2 . Annua1 cost farrowin~ equipment pasture s.vs t em by ?'umber of 
sows 
Sowa 25 50 75 125 
Litters 24 48 71 118 
Piga veaned 180 J60 532 885 
Waterer& $ 20.28 40.56 55.77 91.26 
Creep feeders 24.78 ~.56 74.J6 123.90 
Fe ace 17.34 26.13 )8.10 49.98 
Feed wagon .oo .oo .oo .oo 
Poat bole digger J.50 ).50 3.50 6.12 
Tractor .oo .oo .oo .oo 
Pipe• cl water ayatea .45 .50 1.70 53.94 
JU.ac. equip. 5.00 5.00 6.25 6.2.5 
T&xea ).86 5.01 6.39 9.(i.+ 
Ina\dance 1108 1,81 1~ ~ Total coet 76.29 132.07 
Leaa net price discount 
ll&terera .oo .oo .oo .oo 
cr.ep feed.era .oo .oo .oo .oo 
Fence .oo .oo .oo .oo 
Miac. equip. .oo .oo .oo .oo 
Total diacount .oo .oo .oo .oo 
T•tal diacoun ted coat ?6.29 132.07 188.02 )46.03 
158 
250 )75 500 625 750 1000 
2)6 J.54 472 S91 709 945 
1770 2655 3.540 ,..,.32 5318 7088 
4,956,00 7,4)4.00 9,912.00 12,432.00 14,910.00 19,866.00 
708.00 1,062.00 1,416.00 1,776.00 2,130.00 2,8)8.00 
82.60 12).90 165.20 206.85 248.15 )J0.75 
337.14 505. ?1 6?4.28 844.28 1, 012.86 1,350.00 
1.35 2.70 2.10 2.70 2.70 3.04 
17.45 26.17 )4.90 4J.?6 52.i..9 69.93 
~ 12a.t~ 142.20 201,z4 2~21~ ~ 1, 1,619. 1 2,442.98 J,075.J3 J,698.92 4, 
J5.40 53.10 10.ao 88.80 106.50 141.90 
1,186.09 1,?66.Jt 2,370.18 2,986,53 3,592.42 4,804.49 
250 375 500 625 750 1000 
2J6 354 472 591 709 945 
1770 2655 3540 44)2 5318 7088 
182 • .52 2?J.?8 359.97 451.23 542.49 719.94 
243.67 ')67.57 48?.)4 611.24 735.14 978.81 
70,99 1)),0J 17-.44 246.96 278.87 JJ2. ?6 
41.25 41.25 41.25 82.50 82.50 82.50 
6,12 6.12 6.12 6.12 12.24 Z2.24 
25.00 25.00 25.00 50.00 50.00 50.00 
55.68 58.32 61. 50 114.00 116. 74 12J.03 
7. 50 B.75 8.7.5 8.75 8.75 10.00 
25.86 31.97 46. 67 48.6) 55.4? 71,03 
~ ~ 14,84 Mi 21, 61 ~ 957, 1,225,88 1, )8. ?1 1,903,81 2. 7,21 
.oo 21.06 27.69 )4.71 111.28 147.68 
.oo 19.11 24.?8 )1.08 14?.?8 196.87 
,00 6.)9 8,40 11.86 3J.48 J9.96 
.oo .87 .87 .87 2.18 2~.50 
.oo 47.43 61.?4 ?8 • .52 294.72 )87.01 
668.41 910.15 1,164.14 1,560.19 1,609.09 2,020.20 
Table Al J, Annual ~ost -f'1n16ni~~ ana n-owinQ: oui .... ainq,s :pasture s ystem by 
_oy r1umoer ot p~p:s on inventory 
Pigs 180 
Bldg. coat 
Shad.ea $ 15./ao•/5 yr. 
Geatation bldg. 
life $ )6.00 
11.25 
Land 
Gestation 
F&rrow1Jl8 
Insurance 
Liability & coaprehenaive 
Fire, theft & wind 
Gestation bldg. 
sri ahade .0044 x .ao 
Taxes 
Total coat 
Le•• net price discount 
Shad ea 
Gestation bl~. 
Total d1.acount 
Total discounted coat 
9.37 
)4.29 
.oo 
,40 
.63 
~ 
95.2) 
.oo 
.oo 
.oo 
95.23 
aincludes persona l property exemption . 
)60 
72.00 
22.50 
18.75 
68.58 
.oo 
.oo 
.oo 
.oo 
190.4? 
532 
1o6.50 
JJ.75 
28.12 
101.43 
2.04 
1.19 
1.87 
.oo 
274.96 
.oo 
.oo 
.oo 
274.90 
885 
117.00 
56.25 
41.87 
168.57 
1.98 
J.12 
2.81 
453.64 
.oo 
.oo 
.oo 
45).64 
Table Alq. Annual cost finishing and growing equipment pasture system by 
number of pigs on inventory 
P1ge 
Vat.erers 
Feeders 
Renee 
Feed wagon 
Poat hole digger 
Tractor 
Pipes & •t•r a,ate• 
~1sc. equip . 
Feed floors 
Insurance 
Tax 
Total coat 
Le•• net price discount 
Sow vaterera 
Pig va terera 
Gestation fence 
180 
$ 2).96 
J7.00 
22.51 
. oo 
J • .50 
.oo 
.45 
5.00 
J.J6 
J.58 
1~ 
.oo 
.oo 
.oo 
)60 
46.0J 
59.20 
J4.75 
.oo 
J.50 
.oo 
.50 
5.00 
). J6 
5.69 
~ 
ll>B:"?li 
.oo 
.oo 
.oo 
5)2 
64.8) 
88.27 
5-0.18 
.oo 
).50 
.oo 
1.70 
6.25 
J.J6 
8.26 
2~ 
.oo 
.oo 
.oo 
885 
105. 79 
145.1 ) 
68. 96 
.oo 
6.12 
.oo 
53.94 
6.25 
6. 71 
14.89 
jJ.20 
4 0. 99 
.oo 
. oo 
.oo 
1 60 
1770 2655 J.540 4432 5318 7088 
354.00 531.00 708.00 886.50 1,063.50 1,417.50 
112.50 168. 75 225.00 280.00 JJ7.50 450.00 
93.75 140.6) 18?.50 2)4.)8 281.00 375.00 
JJ7.14 505.71 674.28 884.28 1, 012.86 1,350.00 
4.05 0.10 a.10 8.10 8.10 9.12 
J.96 5.94 ? .92. 9.85 11.88 15.84 
6.2~ 9:~6 12.40 ~ 18.71 24.95 ~16 10.41 2 2,1~9:~ ~ 917.25 1, 369.48 1,833.61 2,J 7. 3 J, ?1 .9 
J5.40 5J.10 10.ao 88.65 26.5.87 J54.)8 
5.63 8.44 11.25 14.oo JJ.75 45.00 
41.03 61.54 82.05 102. 65 299.62 )99.)8 
876.22 1,307,94 1, 751. 56 2,214.)8 2,4?7.86 J, 319 • .58 
1770 2655 J,540 44)2 5318 7088 
209.89 315.68 414.72 520. 51 624,61 629.44 
288. 53 4)4.47 571.66 ?2J.OO 868.9) 1,157.47 
107 .21 181. 51 245.16 JJ4.94 )84.09 472.48 
41.25 41.25 41.25 82.50 82.50 82.50 
6.12 6.12 6.12 6.12 12.24 12.24 
25.00 25.00 25.00 50.00 50.00 50.00 
55.68 58.)2 61.50 114.00 116. ?4 12).0J 
1.50 8. 75 8.75 8.75 8.75 10.00 
1).41 46.?6 23.47 J0.18 )). 52 46.94 
28.78 41.97 5).79 69 .45 81.49 105.03 
46.72 67.92 ~ 116.40 1l6·~~ w·~2 8)0.12 1,227.75 1, 2,055.85 2,)99. J, • 5 
.oo 2.45 J.20 4.05 12.00 16.00 
.oo 21.06 27.69 ~.71 111.28 147.68 
.oo 4.88 6.46 8.0) 2).54 )1.96 
Table A14. ( Contin~d) 
Pi8• 180 )60 532 885 
Finish f ence .oo .oo .oo .oo 
Feeders .oo .oo .oo .oo 
M1•c. equip. .oo .oo .oo .oo 
Total discount .oo .oo .oo .oo 
Total discounted. coat 105.64 168.?4 239.58 4)0.99 
Table Al). Cost of fence farrowing through finish pasture system 
Sows 25 50 75 125 
Litters 24 48 11 118 
Pena 1 1 1 2 
Acre• ~ 7 sows/per J.4) 6.86 10.14 16. 86 
Sq . rod • acre• x 160 548.80 1,<>'n .60 1,622.40 2 ,697.10 
Divided by DO. pen• 548.80 1,097.60 1,622.40 1,)48.80 
Sq . root • aid• length 23.50 JJ.JO 40.JO )6.80 
Fence • aid•• a •14• 
length • $ 1. 50 141.00 199.80 241.80 )86.40 
End post ~ $ 1.99 7.96 1.96 7.96 11.94 
Brace 4k brace poets 
1.50 + .9J 19.44 19.44 19.44 24.JO 
Ba.f b -~~ • $ 3119 21.62 J0.64 ~·08 59.25 or rod. ro Steel posts fiJ .93 87.42 12).88 1 .92 239. 57 
Hiac. etaplee & clips 1. 88 2.66 3.22 5.15 
Labor 241.00 ~~:~ ~ ~ Total coat 520. 32 1.1 3.02 1. 
A.aortised onr 10 yn. 52.03 78.~ 114.JO 149.94 
1/) •&. ph&•• 1?.)4 26.lJ )8.10 49.98 
Tax& ble value 260.16 )91.99 5?1.51 749.11 
Price diaooant/yr. .oo .oo .oo .oo 
Tax n.lue 1/J ea. pb&ae 86. 71. 1)0.66 190.50 249.90 
Ineurance n.lue 1/) ea . phase l?J.40 261.JO )81.00 499.80 
162 
1770 2655 J.540 44)2 5318 7088 
.oo 6.)9 8.40 11.86 JJ.48 39.96 
.oo 21.72 28 • .58 )6.15 173.79 231 ~49 
.oo .87 .87 .87 2.18 2,50 
.oo 57.)7 75.20 95.67 356.27 469.59 
830.12 1,170.38 1,467 • .54 1,960.18 2.~3.19 2,595.26 
250 375 500 625 750 1000 
236 3.54 472 591 709 945 
3 5 7 9 10 14 
33.71 50.57 67.43 84.4J 101.29 135.00 
5,393.60 8,091.20 10,788.80 13.508.80 16,206.40 21,690,00 
1,)48.80 1,618.24 1,.541.25 1,500.97 1,120.64 1,542.86 
36.70 40.JO 39.JO 38.90 40.30 39.JO 
550.50 1,027.65 1,355.85 1,925.55 2,176.20 2,593.80 
15.92 27.86 J5.82 43.78 47.76 6},68 
29.16 53.46 63.18 72.90 77.76 97.20 
84.41 157. 57 207.90 295.90 333.68 397,72 
341.31 637.14 840.63 1,193.84 1,)49.24 1,608.16 
7.J4 13.70 18.08 25.67 29.02 34. 58 
1.101..00 2.oz2.~ 2aZ11 zZO ~. s~. 10 4·~·40 2.1~.60 
2,129.64 J,992. 5,2JJ.16 7,4 .74 8, .06 9,9 .74 
212.96 399.27 523.)2 740.87 8)6.61 998.27 
70.99 lJJ.09 174.44 246.96 278.87 332.76 
1,064.82 1,496. J4 2,616.58 J,7o4.J7 4,18). OJ 4,991.)? 
.oo 6.)9 8.40 11.86 JJ.48 39.96 
3.54.94 498.?8 872.19 1,2)4. 79 1,J94.J4 1,663. 79 
709.90 1,330.99 1,744.40 2,469.60 2,788.70 J,)27.60 
Table Al6. Annual cost ~est&tion buildin~s and equipment opPn fronted 
system .·by number of sows 
Sows 25 50 75 125 
No. groups 2 2 3 3 
L&nd fi $ 30./acre a.74 9.98 10.81 1).29 
Bld«. dep. $ 2.-1.60 sq.ft. 120.00 216.00 2,56.00 448.00 
Insurance 
Liability .68 .08 1.35 2.70 
Fire, theft & wind 4.22 7.60 9.01 15. ?7 
Tax ~ 2J,)J ~ ~:if Total Bldg. cost 1 • 257.59 3 • 
EquipMnt 
Ga.tea & dividers 5 yr. 40.00 100.00 140.00 220.00 
Feed a,atea, bulk t.uk 5 yr. 158. ?9 210.73 )45.36 586.0J 
Waterera 10 yr. 16.0J 24.51 32.68 64.74 
Truck 5 yr. .oo .oo .oo 62 .50 
Misc. equip. 5 yr. 5.00 5.00 6.2 5 6.25 
Water ayste• 10 yr. .oo 26.76 26.76 53.94 
Ta.xee 21.04 40.18 51.28 87.99 
I naurance ~ ~ 16.82 ~ Total equip. cost 7. 1 .J 619.15 1.1 
Less net price discount 
G&tea & dividers .oo .oo .oo 19.)6 
Waterers .oo .oo .oo 5.68 
f'!isc. equip. .oo .oo .oo . 62 
Total discount .oo .oo .oo 25.66 
Total diaoounted coat 247.81 480.36 619 .15 1,085 . 68 
164 
250 375 500 625 750 1000 
J 6 6 9 9 9 
19.07 21.14 25.68 28.5? )2. 71 41.)8 
896.00 1,056.00 1,408. 00 1,632.00 1,952.00 2,624.00 
2.?0 2.70 2.70 2.70 2.70 2.70 
31.54 37.17 49. 56 57.45 68.?1 92.)6 
JHi ~ 152.06 1z6126 210!82 ~ 1, • 1,2)1. 1 , 638. 01 1,896.97 2,266.94 ), J. 
500. 00 600.00 800.00 920.00 1,120.00 1,500.00 
1,155.29 1, )51. JO 1,787.99 2,096. 04 2,467.19 3,325. 87 
121.93 146.1) 194.84 212 .11 253.46 3J4.97 
62. 50 62.50 62.50 62.50 62.50 62 .50 
1.50 8.75 8.75 8.75 8.75 10.00 
55.68 58.JO 61.50 61.50 116.64 12).0) 
170.95 200.42 26).99 305.59 )66.91 489.66 
~6.2~ ~ ~ 1io·~ 120!84 160.8z 2,1J0.80 2. 93. 9 J, • 3. 4,516.29 6,006.90 
44.oo 132. 00 176.00 202.40 246.~0 330.00 
10.72 )1.98 42,64 46.46 55.41 73.)9 
.?5 2.19 2.19 2.19 2.19 2.50 
55.47 166,17 220.8) 251. 05 )04.oo 405.89 
2,075.33 2,)27.81 J,046.0) ),516.29 4,212 .29 5,601.01 
1a ble A.1 7. Annual cos t farrowing buildings ana equiµment ope n f rontea 
sys tem by number of sows 
Sowa 
No. litten farrowed 
Piga weaned 
Land 
Bldg . dep. 
Tlt.xea 
Insurance 
Liability 
Fire, theft & wind 
Total bldg. coat 
~u1pa•nt 
Farrow pen at&lls 
Waterers installed $ 14 ea.. 
Heat bulba $ 2.50 
Creep f eed.era $ 21 .20 
Gaa apace heater $ 15. 
Feed bin• 
Water ayatea 
Truck 
Jltiac. equip. 
Tax•• 
In aura.nee 
Total equip. cost 
Leas net price dlacoW'lt 
Farrow pen stalls 
Waterera 
Heat bulba 
Creep feedere 
Feed bins 
Mlac. equip . 
Total diaoount 
Total dlaoounted cost 
25 
40 
)12 
$ 9 .41 
JOO.JO 
)2.4) 
.68 
10.57 
J5J.J9 
126.00 
19.60 
35.00 
29.68 
21.00 
22.42 
.oo 
.oo 
5.00 
27.40 
9g:~ 
.oo 
.oo 
.oo 
.oo 
.oo 
.oo 
.oo 
295.12 
50 
84 
656 
11.05 
526.76 
56.89 
.68 
1a.54 
61J.92 
2)4.00 
36.40 
65,00 
55.12 
39.00 
22,42 
26.?6 
.oo 
5.00 
51.93 
~·~ 
.oo 
.oo 
.oo 
.oo 
.oo 
.oo 
.oo 
552.65 
75 
1)2 
10)2 
11.05 
526. ?6 
56.86 
1.)5 
~ 
2)4.00 
)6.40 
65 .00 
55.12 
39.00 
22.42 
26.76 
.oo 
6.25 
52 .01 
;4•06 
5 .02 
.oo 
.oo 
.oo 
.oo 
.oo 
.oo 
.oo 
554. 02 
I'able A1 8 . Aflnual cost growi ng buildinbs a nd equi pment open f r onted 
s ys tem by num ber of growing pi gs on invent or y 
Pigs 
L&nd (18 sq. ft. + 7.50) JO/A 
Bldg, dep. 
?8 
$ 8.49 
96,00 
172 
9.7J 
194.40 
125 
21 6 
1686 
12.95 
778.80 
84.11 
360.00 
56.00 
100.00 
84.ao 
60.00 
22.42 
53.94 
62.50 
6.25 
83.Jl 
~ 
16.00 
4.40 
10.00 
8.48 
1.94 
.68 
41.52 
874.97 
281 
10.9? 
268,80 
250 
438 
)414 
18.41 
1,557.60 
168.22 
2.70 
~ 1, 1. 7 
720.00 
112.00 
200.00 
169.60 
120.00 
22.42 
55.68 
62.50 
7.50 
154.95 
~ 1, 7 • 3 
128.00 
22.00 
50.00 
42.40 
4.8.S 
.75 
248.00 
1,428.)8 
569 
14.69 
5.56.80 
375 
696 
5424 
24.95 
2,492.16 
269.15 
2.70 
8~.72 
2,87 .68 
1,152.00 
179.20 
)20.00 
211.36 
192.00 
30.26 
58.JO 
62.50 
8.75 
241.78 
~ 2,59 .22
204.80 
35,20 
ao.oo 
67.84 
6.82 
2.19 
)96.85 
2,199.37 
904 
18.90 
883.20 
166 
500 
938 
7302 
J0.50 
3,426. 72 
370.09 
2.70 
120.62 
J.951.63 
1, 512. 00 
235.20 
420.00 
356.16 
252.00 
J3.76 
61.50 
62.50 
8.75 
J1J.88 
:1H 3,35 
268.80 
46.20 
105.00 
89.04 
7.69 
2.19 
518.92 
2,840.)9 
1217 
22,62 
1,171,20 
625 
1138 
9252 
36.95 
4,205.52 
4)4.20 
2.70 
148.0~ 
4,847.4 
1,944.00 
302.4-0 
_540.00 
457.92 
324.00 
52.68 
61.50 
62,JO 
8.?5 
401.56 
~ 4,2 7. 5
)45.00 
59.40 
135.00 
114.48 
11.67 
2.19 
668.)4 
3,618. 71 
1.542 
26.59 
1,4?8.40 
750 
1440 
11232 
41.86 
4,906.44 
529.90 
2.70 
1~·~1 5,6).1 
2,268.00 
J.52 .80 
630.00 
5)4.24 
378.00 
56.18 
116.64 
62.50 
8.75 
472.12 
5, ~ 
403.20 
69.30 
157. 50 
133. 57 
14.04 
2.19 
779.79 
4,254. 58 
1872 
J0.81 
1,804.80 
1000 
1904 
14886 
.54.14 
6,658.74 
719.14 
2.70 
2~·J2 
7,699.11 
3,078.00 
478.80 
855.00 
725.04 
513.00 
89.94 
12J.OJ 
62.50 
10.00 
637.10 
~ 6 
547.20 
94.05 
213.75 
181.26 
20.24 
2.50 
1,059.00 
5,740.JJ 
2481 
)8.24 
2,)80.80 
Table A18. (Continued) 
Pig• 78 164 172 281 
Taxes 10.37 21.00 21.00 29.03 
Insurance 
Fire, theft & wind J.)8 6.84 6.84 9.46 
Liability 2,04 2.04 ~ 8,10 Total bldg. coat 120,28 2)4.01 23 • )26.)6 
iquipunt 
Ga tea & di viden sa.ao 156.80 156.80 254.ao 
Feed ayatea 94.61 122,88 122.88 151.14 
Wateren 16.)4 40.54 40 • .54 57.19 
Feed bins J0.06 39.50 39.50 4).02 
Water a ya tea .oo 26.?6 26.?6 53.94 
Truck .oo .oo .oo 62.50 
Miac, equip. 5.00 5,00 6.25 6,25 
Ta.x•• 18.41 JJ.27 JJ.2? 46.?J 
Inaur&nce 6.09 ~ ~ 16,44 Total equip. coat 229.)1 4)5. 4 &:;2.01 
Leas net price diacount 
Gates & dividers .oo .oo .oo 18.98 
Waterers .oo .oo .oo 5.04 
Miac. equip, ,00 .oo .oo .68 
Total diaco\D'lt .oo .oo .oo 24.70 
Total diacounted coat 229.)1 435.68 4)6.95 667.Jl 
Table Al 9. Annual cost finishing buildings and equipment open fronted 
system by number of finishing pigs on inventory 
Pigs 78 164 172 281 
l.And{JO sq. ft/pig) $ JO/A + 7.50 $ 9.15 10,81 10.81 13.29 
Bldg. dep. 10 yr. 144.00 256.00 256.00 448.00 
T&xea 15.55 27.65 27.65 48.)8 
Insurance 
Fire, theft & wind 5,07 9.01 9.01 15. 77 
Liability 2,04 2.04 4!02 8.10 
Total bldg. cost 175.81 305.51 )07.52 5JJ.54 
E)}uip11ent 
Gate• & div1det'8 5 yr. 24.60 7).80 7J.80 147.60 
Feed s,atea 10 yr. 92.74 11).48 11).48 144.59 
Waterers 10 yr. 12.)4 24.68 24.68 45.19 
t 68 
569 904 1217 1542 1872 2481 
60.1) 95.39 126.49 159.67 194.92 257.1) 
19.60 )1.09 41.2) 52.04 6).5) 8).80 
0110 8,10 a 110 
659.32 1,0J6.68 1,j69.64 
8110 
1,124.80 
a.10 
2,102.16 
8.10 
2,768.07 
509.60 862.40 1,1)6.80 1,411.20 1, 705.20 2,293.20 
302.28 404.04 6)8.49 872.9) 957.7) 1,127.32 
114.38 195.46 260.82 )41.28 )91.2) 51).78 
46.53 46.5) 93,06 139.58 1)9. 58 1)9.58 
55.68 58.JO 61.50 61.50 116.64 123.03 
62.50 62.50 62.50 62. 50 62.50 62.50 
7.50 8.?5 8.75 8.75 B.75 10.00 
8J.56 122.64 1 ?5.20 229.06 265. 44 329.43 
2a!4z 41.22 2,~ z~.21 ~ ~ 1,210.50 1,801.84 ),202. 71 J, 4,707. 9
)7.96 159.28 209.96 260.64 )14.94 42). 54 
10.oa -1.09 55.41 69.5? BJ.11 109.96 
.75 2.19 2.19 2.19 2.19 2.50 
48.79 202. 56 26?. 56 ))2 .40 400.24 5)6.00 
1,161.41 1,599.28 2,227.92 2,8?0.J1 J , ))4.60 4, 171.49 
569 904 121? 1542 1872 2481 
19.0? 26.51 JJ.12 )9.?3 46.)4 58.?4 
896.00 t , 472.00 1,984.00 1,486.oo 3,008.00 J,968.00 
96.?7 158.97 214.27 269,56 )24.86 428.54 
)1.54 51.81 69.84 87.86 105.88 139.67 
B.10 8!10 
1,051.48 1,117.39 
8:10 
2,J09.jJ 
8110 
2,90i.25 
a.10 
J,493.18 
a 1 10 
4,6oj.05 
295.20 492.00 688.80 au.so 1,0JJ.20 1,402.20 
21? .18 )00.14 455.10 620.4) 71). ?6 869.Jl 
86.)8 1)5.~ 189.10 246.6) 296.16 J94.71 
Table Al 9 . (Continued) 
Pigs 78 164 172 281 
Feed bins 10 yr. 4J.02 46.5J 46.53 46.5) 
water ayatea 10 yr. .oo 26.?6 26.76 53.94 
Truck 5 yr. .oo .oo .oo 62.50 
Misc. equip. 5 yr. 5.00 5.00 6.25 6.25 
Taxea 1?.32 26.82 26.82 )9.)2 
Inauranoe ..2.Jll 818~ ~ 14.02 Total equip, cost 200.75 325.90 32?. 7 559.94 
Leaa net price discount 
Ga tea & di v1dera .oo .oo .oo 13.32 
W&terera .oo .oo .oo J.75 
Misc. eq_ uip. .oo .oo .oo . 68 
Total diacount .oo .oo .oo 1?.?5 
Total discounted coat 200.76 325.90 )27.17 542.19 
Table A2 0 . Annual cost gestation build in~s and equipment controlled systP.m 
by number of sows 
Sova 25 50 75 125 
L&nd @ $ JO/acre $ 9.28 10.17 11.05 lJ.72 
Bldg. dep. ~.oo 48).75 602.00 1,003.23 
Insurance 
Liability .68 .68 1.35 2.70 
Fire, theft & wind 12.11 17.03 21.19 J5.J1 
T&xea ~ s*-li ~ 108.J~ Total bldg. coat OJ.22 5 ). 7 • 1 1,163.31 
Equipaent 
G&tea & diYidera 5 yr. 86.04 149.06 212.08 401.14 
Waterers 14 ea. 
installed 5 yr. 5.60 B.~o 11.20 19.60 
Truck t T 5 yr. .oo .oo .oo 62.50 
Misc. equip . 5 yr. 5.00 5.00 6.25 6.25 
W& ter a ya tem 10 yr. .oo 26.?6 26.?6 53.94 
H•ating ayatea 10 yr. )0.90 J0.90 61.80 61.80 
Cooling syste111 10 yr. 40.oo 50.00 Bo.oo 120.00 
VentUation 10 yr. 2J.22 J4.8J 46.44 81.27 
Feed aystea 10 yr. 207.76 282,)9 357.02 580.91 
Taxea )7.55 ,54.)9 7J.84 119.70 
Insurance ~ ~ ~ 40122 Total equip. coat S9 5 • 1,:541.33 • 
170 
569 904 1217 1542 1872 2481 
50.03 50.05 100. 09 150.14 150.14 150.14 
55.68 58.)0 61.50 61.50 116.64 12).0J 
62. 50 62.50 62. -;o 62 • .50 62.50 62.50 
1.50 8.75 8. 75 a.~ 8.75 10.00 60.14 85.J4 12~.22 160. 193.68 241.74 
20.u 29.07 41.?4 ~ ~ so.06 855. 1,221.89 1, 731.80 2, t 75. 2, J,j33.69 
26.64 111.00 155.40 18J.15 233.10 )16.J5 
7.91 Jl.24 41.55 5).80 68.16 87.88 
.75 2.19 2.19 2.19 2.19 2.50 
)5.JO 144.4) 199.14 ,)9.14 JOJ.45 406.?J 
820.17 1,077.46 1,532.66 1,9)6.46 2,JJ5.76 2,926.96 
250 375 500 625 750 1000 
19.94 22.60 27.05 J0.60 35.04 4).9) 
2,006.47 2,436.42 3,153.02 J, 726.29 4,442.89 5,876.08 
2.70 2.10 2.10 2.70 2.70 2.10 
70.6) 85.76 110.99 1)1 .17 156.)9 206.84 
21~,42 26J,1l J.r;:~~ 402144 4z~.8J 6~z62 2,Jt • 2,810.61 4,29).20 5,11.85 6,? .17 
802.28 991.)4 1,)06.44 1, 558.52 1,8)).62 2,42).82 
J9.20 4?.60 61.60 72.80 86.80 114.80 
62.50 62.50 62.50 62.50 62.50 62.50 
1.50 8.75 8.75 8.75 8.75 10.00 
55.68 61.50 112.26 115.44 119.82 176.94 
12).60 154.50 247.20 247.20 )70.80 494.40 
)20.00 )60.00 ~.oo 520.00 120.00 1,000.00 
162. 54 197.37 255.~ 301.86 359.91 476.01 
1,141.20 t ')68,60 1, 745.27 2,04?.JO 2,475.~ J,252,60 
240.17 28?.44 J?6.29 4J?.1J 540.67 720.28 
JJ~ J,~ 12~.to 14~.~ 1zz.4~ 2~·~ 4,7)9.J 5, 515.22 6,755,7 8,97. 
Table A20. (Continued.) 
Sowa 25 50 75 125 
Leas net price discount 
Ga tea ~ dividers .oo .oo .oo JJ.86 
Waterera .oo .oo .oo 2.10 
Miao. equip. .oo .oo .oo .68 
Te»tal discount .oo .oo .oo )6.64 
Total diaco\Dlted coat 448.40 659.55 899.56 1.510.69 
!'able A21 . Annual cos t far rowing buildings and equipment controllea s ystem 
by number of' sows 
Sowa 25 50 75 125 
Litters annual 44 88 138 228 
Total pigs ve&ned 400 801 1256 2440 
Land $ 9.40 11.05 11.05 1).2) 
Bldg. dep. 10 yr. J69.60 600.eo 600.60 965,16 
Bldg, dep. Nurser bldg, .oo .oo .oo 319.20 
Taxea )9.92 64,86 64.86 138. 71 
Insurance 
Fire, theft & wind 1),01 21.14 21.14 45.21 
Liability .68 .68 ~ ~ Total bldg, cost 432,61 698,)3 99, 1. • 
~uipllent 
Farrow stalls 10 yr. 126.00 2)4.00 2)4.00 378.00 
Waterers 10 yr. 19.60 )6,40 )6.40 58.80 
creep feeders 10 yr. 29.68 55.12 55.12 89.04 
Heating ayatelft 10 yr. 49,00 91.00 91.00 147.00 
Cooling syatell 10 yr. )2.20 59.80 59.80 96.60 
Ven til& ti on 10 yr. 25.00 46.44 46.44 75.01 
Feed ato~ 10 yr. 22.42 22.42 22,42 22.42 
Water aystea 10 yr. .oo 26.76 26.?6 5J.94 
Heat bulbe 1 yr. 35.00 65.00 65.00 105.00 
Truck 5 yr. .oo .oo .oo 62.50 
Misc, equip. 5 yr. 5.00 5,00 6.25 6.25 
Pig nurser 5 yr. .oo .oo .oo 852. 72 
Tax•• JJ.20 62 .47 62.4? 100.,58 
Insurance ~ ~ ~ 4~.oo Total equip, cost 0 72 • 7 .1) 2,09 .86 
250 
6?.72 
4.20 
.75 
72,67 
2 ,961.51 
250 
462 
4943 
18.95 
1,930.32 
452.76 
257.)7 
8J.88 
21ZO 
2,745.98 
756.00 
117.60 
178,08 
294.00 
193.20 
150. 02 
22.42 
55.68 
210.00 
62.50 
1.50 
1,515.)6 
19).10 
J, ~ 
375 
209.52 
12.92 
2.19 
224.6) 
J,410.91 
J75 
720 
7704 
26.05 
J,125.28 
705.60 
41).74 
1)4.84 
21to 
4,408.1 
1,2.24.00 
190.40 
288.)2 
476.00 
312.80 
242.90 
J0.26 
61.50 
)40.00 
62.50 
a.15 
2 , )61.60 
J08.90 
14f 1~o 6,05 • j 
172 
500 
276.32 
16.72 
2.19 
295.2) 
4,444.40 
500 
960 
10272 
Jl.50 
4,044.48 
940.80 
5)8.41 
175.48 
2 1~0 5,7jj, ? 
1, .sa-.oo 
246.40 
J7J.12 
616.00 
404.40 
314.)4 
.:n. 76 
112.26 
440.00 
62.50 
8.15 
J,148.80 
402. 70 
18~.,2 7.9J • 5 
625 
329. 76 
19.76 
2.19 
351. 71 
5, 16J. 51 
625 
1224 
13097 
JS.59 
,5,2'.39.44 
1,199.52 
695.41 
226.65 
21zo 
7,402.)i 
2,052.00 
319.20 
48).)6 
796.oo 
524.40 
407.21 
52.68 
115.44 
570.00 
62.50 
8. 75 
4,014. 72 
519.40 
241120 
10,168.86 
750 
J8?.?6 
2J • .56 
2.19 
413.51 
6,)42.27 
750 
1458 
15601 
4).50 
6,066.72 
1,428.84 
809 • .52 
26).84 
21 to 
8,615.2 
2,)76.00 
369.60 
559.68 
924.00 
60? .20 
471.50 
56.18 
119.82 
660.00 
62.50 
8.75 
4, 782.24 
599.40 
§~?·l~ 11. • 
1000 
512.56 
31 .16 
2.50 
_546 .22 
8,421 .16 
1000 
1~ 
20801 
.56.59 
8,272.80 
1,905.12 
1,099.22 
358.26 
2 1~0 
11,694. 9 
),240,00 
504.00 
763.20 
1,260.00 
828.00 
642.96 
89.94 
176.94 
900.00 
62.50 
10.00 
6,)76. 32 
820.27 
aso.8a 16, 54.9 
Table A21. (Continued) 
.)OWS 
Litters annual 
Total pigs weaned 
Less net price discount 
F'arrow stalls 
Waterers 
Creep feeders 
Heat bulbs 
Misc. equip. 
Total discount 
Total discounted cost 
25 
44 
400 
• 00 
.oo 
.oo 
• 00 
• 00 
.oo 
J88 . 00 
50 
88 
801 
• 00 
.oo 
.oo 
.oo 
• 00 
• 00 
724 . 86 
75 
1J8 
12 56 
.oo 
• 00 
.oo 
• 00 
. oo 
• 00 
726. 1 J 
125 
228 
2440 
JJ . 6C 
4. 62 
8 . 90 
10. 40 
. 68 
58 . JO 
2 , 0J8. 56 
Table A22 . Annual cost growing buildings and equipment controlled syst em by 
number of growing pigs on inventory 
Land 
Hldg . dep . 
Tuxes 
Insurance 
Fire , theft ~ wind 
Liability 
Total bldg . cost 
1!.Q.Uipment 
Gates & d ividers 
Waterers 
Truck 
f>'.isc . equip. 
Heating system 
Cool ing system 
Ventilation 
Feed systel'I 
Water system 
Beed storage bins 
Taxes 
Insurance 
Total equip. cost 
5 yr. 
5 yr . 
5 yr. 
5 yr . 
10 yr . 
10 yr . 
10 yr . 
10 yr . 
10 yr . 
10 yr . 
Less net price discount 
Gates .-.r dividers 
Waterers 
Misc , equip. 
100 
$ 8.74 
240 . 00 
25 ,92 
8.45 
2 . 04 
285.15 
152 . 91 
16. 80 
.oo 
5. 00 
18. 00 
40. 00 
16.20 
107. 30 
• 00 
30. 06 
J2 . 01 
Mo 
• 00 
• 00 
• 00 
200 
9 . 28 
420. 00 
45 . 36 
14. 78 
2 . 04 
492 .16 
254. 85 
28 . 00 
.oo 
5 . 00 
18 . 00 
80. 00 
J2 .40 
124 . 12 
26 . 76 
39. 50 
49 .92 
16.J6 
674.91 
.oo 
.oo 
.oo 
209 
10. 2) 
462 . 00 
49. 90 
16 . 26 
s4~ .U 
254 . 85 
28 . 00 
.oo 
6 . 25 
J0 . 00 
80. 00 
JJ . 86 
124.12 
26 . 76 
4J . 02 
51.75 
16 .98 
695 . 59 
.oo 
• 00 
• 00 
407 
12. 46 
799 . 20 
86 . Jl 
28 .1 3 
8.1 0 
934.20 
509 . 70 
56. 00 
62 . 50 
6 . 25 
60. 00 
160 . 00 
65 . 93 
166.1 7 
5J . 94 
4J . 02 
89 .85 
J0 . 49 
1 , JOJ . 85 
4J . JO 
22 . 00 
. 68 
250 
462 
4943 
67 .20 
9.24 
17 . 81 
21. 00 
. 75 
116. 00 
3, 730. 30 
824 
17. 67 
1, 638. 36 
176.94 
57 . 67 
8.1 0 
1,898. 74 
1, 019. 40 
112 . 00 
62 . 50 
7. 50 
120. 00 
280. 00 
133.49 
JJ2 . J4 
55. 68 
46 . 53 
165. 64 
22 .22 
2, )90. 30 
86. 60 
44. oo 
. 75 
375 
720 
7704 
272. 00 
37 .40 
72 . 08 
85. 00 
2.19 
468.67 
5,582 . 76 
1284 
23 . 37 
2, 557.44 
276. 20 
90. 02 
8.1 0 
2,955.13 
1,6)1 . 04 
179. 20 
62 . 50 
8. 75 
192.00 
440.00 
208 . 01 
597.40 
61.50 
9J.06 
269 . 69 
89.12 
3,8)2 . JO 
)40. 00 
176. 00 
2 .19 
174 
500 
960 
10272 
352 . 00 
48 .40 
93.28 
110. 00 
2.19 
605.87 
7,329.48 
1712 
28.83 
3,436. 56 
371.1 5 
120.97 
8.10 
3,965. 61 
2,242 . 68 
246.40 
62.50 
8.75 
246.oo 
560. 00 
277.)4 
698.32 
112 .26 
9J . 06 
350.95 
11,2. 64 
5, 031.90 
478. 36 
242.00 
2 .1 9 
625 
1224 
13097 
456. 00 
62 . 70 
120 .84 
142 . 50 
2. 19 
784. 23 
9,384 .6J 
2183 
)4 ,28 
4, 315. 68 
466. 09 
151 • 91 
8.1 0 
4,976. 06 
2,752.)8 
302 .40 
62 . 50 
8.75 
J24.00 
720. 00 
J5J . 65 
946. 56 
115.44 
1J9.59 
445.68 
146.21 
6, )17 .46 
579 .1 8 
297.00 
2.19 
750 
1458 
15601 
528 . 00 
72 . 60 
139.92 
165 . 00 
2 .19 
907. 71 
10 ,969 .94 
2600 
J9 .48 
5,154.84 
556. 72 
181 .45 
8. 10 
5,940.59 
3, J64 . 02 
J69 .60 
62 . 50 
8. 75 
J96. oo 
880. 00 
421.20 
1,047 .48 
119 . 82 
1 J9.59 
526. 06 
1z2 . 71 
7 , 507. 73 
717. 54 
363. 00 
2 . 19 
1000 
1944 
20801 
720. 00 
99 . 00 
190. 80 
225. 00 
2.50 
1,237 . 30 
14, 817 . 68 
J467 
50. 64 
6,953. 04 
750. 9J 
244. 75 
8 .10 
8, 007;4b 
4,4J4.J9 
487. 20 
62 . 50 
10.00 
522 . 00 
1,160. 00 
561.65 
1,470. JO 
176.94 
216.18 
709 . JJ 
2~2 . 46 
1o, 042 . 95 
972 . 54 
495. 00 
2. 50 
Table A22. (Continued) 
Pig a 
Total discount 
Total discounted coat 
100 
.oo 
428 •. 00 
200 
.oo 
674.91 
209 
.oo 
695.59 
407 
Table A 2J. Annual cost finishing buildings and eq.uipment controlled system 
by number of ~inishing pi gs on inventory 
Pig a 100 200 209 407 
Land $ 9.98 11.63 12.46 15.?6 
Bldg, dep. 420.00 661.00 793.20 1, 322.00 
Tax•• 45,)6 71.)9 85.67 142.?8 
Inaura.nce 
Fi.%'9, tn.ft & Wind 14.78 2J.27 27,92 46.53 
Liability 2.04 2.04 4.0~ 8.10 
Total bldg. cost 491.86 769.33 92).JO 1,535,17 
!lluipaent 
Cat.a & divide.rs 1)7. 54 206.Jl 206.)1 J4J.8.S 
Wat.nra 19.68 29.52 29.52 49.20 
Truck .oo .oo .oo 62.50 
Misc, equip. 5,00 5,00 6,25 6,25 
Heating ayate111 40,00 40.oo 40,00 80.00 
Cooling ayatea 80.00 120.00 120.00 240.00 
Ventilation 27.00 ~.oo 56.4) 109.89 
Feed ayatea 11).47 129.17 129.1? 160.57 
Water ayatea .oo 26.76 26.76 53.94 
Feed •to rage bins 4).02 46.8J 46.8) 46.8) 
Tax•• 41.27 5?.74 58.01 95.88 
Insurance 13.54 ~ ~ ~!46 Total equip. ooat 520,52 2 7 1,21.)7 
Leaa net price discount 
Gates & dividers .oo .oo .oo 27.00 
Waterera .oo .oo .oo 18,60 
Miae, equip. .oo .oo .oo .68 
Total diacount .oo .oo .oo 46,84 
Total discounted cost 520.52 734.24 7)8.27 1,170.93 
824 
1 Jl. J5 
2,258.95 
824 
24.86 
2,776.20 
299.83 
97 . 72 
8.10 
3,206. 71 
687. 70 
98.40 
62 . 50 
7.50 
160.00 
480.00 
222 .48 
)21.14 
55.68 
50.04 
1S1. 70 
_60.45 
2,387.59 
55.12 
37 .20 
. 75 
93. 07 
2,294.52 
1284 
518.19 
J,J14.11 
1284 
33.95 
4,230.40 
456. 88 
148.91 
8.10 
4, 878.24 
1, 1oo.32 
157.44 
62 . 50 
8.75 
)20. 00 
760.00 
)46.68 
579.48 
61.50 
100. 08 
302.03 
~ J , 9 • 
211.44 
148.80 
2.19 
362.43 
3,536.05 
176 
1712 
722.55 
4,309.J5 
1712 
43.04 
5,684.60 
613.94 
200.10 
8.10 
6,549.78 
1,512.94 
216.48 
62.50 
8.75 
320.00 
1,000.00 
462 .24 
673. 68 
112.26 
100.08 
)81.56 
~ 4,97 • 
307.38 
204.60 
2.1 9 
514.17 
4,461 . 93 
2183 
878. 37 
5,439 . 09 
2183 
52 .1 3 
7,138. 80 
770. 99 
251.29 
8.1 0 
8,221.Jl 
1,856.79 
265.68 
62 .50 
8.75 
480.00 
1,240.00 
589.41 
916.)2 
115.44 
150.12 
491.67 
~ 6,3) • 
365.13 
251.1 0 
2.19 
618 .42 
5,719.36 
2600 
1, 082 . 73 
6,425. 00 
2600 
61.22 
8, 593.00 
928. 04 
302 .47 
8.1 0 
9 ,892 .83 
2,269.41 
)24. 72 
62 . 50 
8.75 
480.00 
1,480.00 
702.00 
1'01o.52 
119.82 
150.12 
565. 87 
~ 7.359. 0 
461.07 
306. 90 
2.19 
770.16 
6, 589. 24 
1,470. 04 
8,572. 91 
J467 
79.40 
11,501.40 
1,242 .1 5 
404.85 
8.10 
i3,235.90 
3,094.65 
442.80 
62 . 50 
10.00 
720. 00 
2,000.00 
936.0<j 
1,445.13 
176.94 
246.49 
787. 68 
2~8.0~ 
10,1 0.2 
636.30 
418.50 
2.50 
1,057.30 
9.122.98 
Table A24. Annual power costs pasture system by number of sows 
Sova 25 50 75 12.5 
Gestation 
Illectric coat winter $ 70.70 1)0. 52 201.22 JJ1 . ?5 
Tractor A~:; ii·~6 ~ ~ Tot&l power cost 1 • 8 2 • 
Leea net price discount 
Electric 49:~ ~ ~ ~ ~Ot&l discounted coat ??. 1 • 2 • ) 
Farrowi~ 
Electric •in. bill 1.00 7.00 7.00 1.00 
Tractor power costa 4.20 8.40 12.60 21.00 
Total power coat& rr:ro 15.40 19.60 28.00 
Growing or finiehing 
il•ctric ain. bill 10 • .50 10.50 10.50 10.50 
Tractor power ooate 4.20 8140 12.60 21.00 
Tot&l power coat• i4.?<5 1B.90 2J.i<5 31.50 
a No price d i scounts . 
Tuble A2) . Annual power costs open fronted system by number of sows 
Sova 25 50 75 125 
Geatation 
1Uectr1c 
Vint.er 206.26 40).92 536.56 9)4.91 
Swuaer 82.58 147.98 19J.)O JJ0.12 
Truck expense 29~:~ 55~:;'4 ~ 14160 Total power coat • 1,279.63 
.Leea price diacouat-electric 
Vint.er 169.89 JJ8.J6 451.41 786.J? 
SWiiier 2Ps:~ ~ ~ 26014~ Tot&l price discount 52. 7 1,046.82 
Total discounted coat 63.29 105.07 1)4.27 2)2.81 
Farrowing 
Eleotr1c 
Winter 701.)0 1,)02.41 1,J02.41 2,00). ?1 
Swaaer 4.90 9.10 9.10 14.01 
Natural gas apace heater 56.00 104.oo 104.oo 160.00 
Truck expense ~ ~.84 ~ 14160 Total power cost 5 1,421.35 1, • 7 2, 192.32 
17b 
259 375 500 625 750 1000 
652.62 984.)6 1, 305.23 1,636.98 1,957.85 2,610.47 
~ mPt 1zo110 198.4,2 226180 28~.20 7 • 2 1,12 .11 1,415.:n 1,8)5.43 2,184.65 2,893,97 
2J218.2 m 11oaz.41 1.~0.16 1.64J.6~ 2,1~186 2J0.17 31 • 390.92 5.21 541.02 6 .11 
1.00 12.00 12.00 12.00 12.00 12.00 
42.00 ~ ~:gg 1~~·ro 126.00 ~ 49.00 15. • 138.00 159. 
10.50 18.00 18.00 1e.oo 18,00 18.00 
42.00 ~ 84,oo 10,2.00 126,00 1i7 00 .52. 50 • 102.00 123.00 144.oo 1 5. 
250 375 500 627 750 1000 
1,86).81 2,181.47 2,908.6) J,)81.66 4,016.98 5,407.76 
648.24 7JJ.67 978.23 1,154.44 1,)25.JO 1,797.JJ 
2, ~ 2, ~ ~ J, 5 ZJ100 ~ 4,609.10 5. • 821~ 7,290. 
1,578.07 1,848,82 2,470.4) 2,873.59 J,41).08 4,600.45 
~ ~ ~ ~ 11112z~.2 1,214.66 2,109. 5 2, 53.21 J, .97 J, 4,527. J 6,115.11 
4Jt.60 505.73 658.29 768.79 893.45 1,175.73 
4,007.41 6,411.86 8,415.57 10,820.02 12,62J.J5 17,131 .69 
28,0t 44.82 58.82 7.S.6J 88.2) 119.75 
)20.00 512.00 672.00 864.oo 1,008.00 1,)68.00 
4, ~ ~ 7, 1 • ~ 9,2 • 79 ~ 11,8)2. 5 ~ 8.21Z.2 13,79 .1 18,705.19 
hble 425 (Continued.) 
Sows 25 50 75 
Less price discount-electric 
Winter 562.96 1.095.29 1. 095.29 
SUIUler ~ 4.81 4.81 Total price discount 5 .19 1,100.10 1,100.10 
Total discounted coat 180.93 321.25 )24.17 
Grow~ 
Electricity expense 
Winter 160.86 339.22 339.22 
SWU11er 101. 77 128.54 128. 54 
Truck expense ~ ~ ~ Total power coat 5.55 ?J. 7 • 52 
Lesa price discount-electric 
Winter 131.20 28).21 28).21 
SWiiler ~ ~ J~b:§~ Total price discount .lJ
Total discounted coat 59.42 92.64 95.56 
Finishing 
Electricity expense 
Winter 1 ?4.54 290.26 290.26 
Sum.er 146.05 1?4.~ 1?~.46 
Truck expense 21~2 41a:~ ~ Total power co.t J2J.51 7J. 
Le•• price diaoount-elect.ric 
Winter 112. 67 1)6.88 1)6.88 
SuaHr 142186 ~ ~ Total price diaco\D'lt 255.53 37 .J? 37 .J?
Total discounted coat 6?.98 92.19 95.11 
Table AJ!.b... Annual power costs controlled system by number of s ows 
Sowa 
Gestation 
Electricity expenae 
Winter 
Spring de f &11 
Swuer 
G&a heating expense 
Truck expense 
Total power coat 
25 
50.64 
112. 70 
166.4) 
20.00 
~ 
J32--:o9 
50 
82.01 
186.88 
209.24 
JO.CO 
5.84 
513.97 
75 
108.08 
250.46 
351.11 
40.00 
~ 
758:41 
125 
1.681.62 
6.z1 
1,688.33 
503.99 
462 • .58 
155. J2 
14.60 
632.50 
JBJ.80 
111.46 
495.26 
137.24 
458.64 
198.19 
14.60 
671.43 
148.00 
J8~ tt 52 • 
142.99 
125 
185.18 
4)4.37 
562.29 
70.00 
14.60 
1,266.44 
180 
250 375 500 625 750 1000 
J , )89.38 5,438.70 7, 151.1 0 9,200.42 10, 737.40 14,579 .87 
18. 64 ~ ~ 60. 16 70.90 u 3 ,408. 02 5. 71. 5 7.19 .9) 9,260. 58 10 ,808. JO 14, 77 . ) 
976.60 1,.540.8) 2,007.86 2' 572. 07 2 ,989. 88 4, 027 . 56 
925. 17 1, )00. 90 2. 07). 09 2' 772 . 71 3, 161.99 4,000.81 
310. 65 )62.3) 626. 89 926. )4 1,045. 03 1,073 . 01 
~ 4~. 80 ?G 7~ . 00 ~ 8,2 . 7.2 1, 5. 1 ,907. 03 2,75 .3 3,772 .05 4' 5. 5, 159. 57 
778. 07 1,268. 77 1,758. )0 2 ' ))4. 58 2, 686.36 J ,401 . )0 
24J . 8,2 ~ 21z.02 zz2 . 32 872.47 82z.22 1, 021 . 92 1, 55 • 7 2,275. )9 ~ . t26.90 J , 559. 83 4,298. 62 
24) .1 0 )50. )6 482 .99 645.1 5 725. 79 860. 95 
917.28 1, 327. 08 1, 824.26 2 , 522 . 66 J , 0)). 81 ) ,814.88 
396. 38 403.85 602 .97 1,060. 73 t,194. 75 1,208. 74 
~ ~ ~ ~ ~ 82. 72 1, 1, 77 • 73 2 ' 5. 3 3. 5 • 39 4,) 7.1 5,1 09 . 37 
771. )4 1, 120. 62 1, 546. 22 2, 141.46 2, 577.12 J ,242 . 8) 
~ ~ 646. 70 886. 8,2 11001. 08 1 1 01~ . 00 1, • 1, ) . 9 2 ' 2.92 3,628. 31 3, 578. 20 4,255. 83 
254, 60 JJ0. 8) 442 . 71 628.06 728 .96 853. 54 
375 500 625 750 1000 
370. )7 440. 6) 557,75 651.4) 789 . 77 1, 045 . 22 
868, 75 1, 0)6 . 71 1, 316. 65 1, .540 . 60 1,863. 00 2,465. 33 
1,3)) . 32 1, 5)5. )9 1,906.95 2,245. 95 2. 951.85 4, 029 . Jl 
140.00 170. 00 220.00 260. 00 31o. 00 410. 00 
~ ~ 28.40 ~ 76. 60 ~ 2, 7 1. ) , 2 • 53 4,059. 75 4, 77 . 9 5. 993.22 8, 35 . 1
Table A2.6. (Continued) 
Sowa 25 50 75 125 
Le•• price discount-electric 
Winter )8.73 65.47 87.69 152.39 
Spring & fall 87.20 150.42 204.61 359.)4 
Suaaer ~ ~ SA?·82 ~ Total price diacount ).)5 0 7.12 • 
Total discounted coat 89.)4 124.17 171.29 280.91 
Farrowing 
IO.ectricity expense 
Winter 675.82 1,255.10 1,255.10 2,027 .47 
Spring & fall 932.53 1,731.85 1, 731.85 2, 797. 60 
SWU1er 154. t 3 286.24 286.24 462.J8 
Nurser expense .oo .oo .oo 100. 80 
Truck expense ~ ~.86 8.16 14.60 Total power cost 1, 7 5. 3,279.05 3,281 .95 5,402 . 86 
Lesa price dtacoWlt-electric 
Winter 571.58 1,065. JO 1,065.30 1,722.57 
Spring & fall 785.94 1,467.20 1,467 .20 2,37J.52 
Swuer ~ 2~2.~ 2J21; ~·6~ Total price discount 1, • 2.112. 2, 772 . 4, • 1 
Total discounted coat 280.94 507.01 509.91 918.12 
Growina 
Electricity expense 
Winter 351.96 570.39 570. 39 1,110. 57 
Spring &: f &11 307.03 479.29 479.29 898.14 
SUllller 176.69 )04.37 )04.37 578. 52 
Truck expense ~ ~ ~ 14.60 Total power cost 1, 1. 2,661. 83 
Leaa price discotmt-electric 
Winter 295.55 481.?2 481.72 941.10 
Spring &: fall 252.83 399.64 )99. 64 7,54. 60 
SUIUMr ~,17 1.f~:5~ 1.~~:~ ~ Total price discount 55 2, 1 J. 3
Total discounted coat 144.06 22) • .56 226. 46 418 • .50 
Finiahing 
Electricity expense 
Winter 11).04 1.52.48 152.48 219. Jl 
Spring & fall 296.27 410.24 '41. o.24 614. 08 
Swuer ))9.78 492. 59 492. 59 864.42 
G&s hea ti~ expense 75.00 150. 00 156. 75 )05. )5 
Truck expense ~ ~ 8·~ 14.60 Total power coat 1. 1, 1. 5 1,220. 2,011.66 
Leaa price discount-electric 
Winter 91.92 125 • .5) 125.53 181 . 48 
Spring a: fall 24).66 )40.79 )40. 79 512.50 
Suuier 282.17 412.40 41~.40 z~1 . J1 
182 
250 375 500 625 750 1000 
31 0. 22 370.11 468.91 548.77 666. 67 884 . 39 
729. 55 872 . 71 1,1 09 .28 1, 300.1 5 1,574. 93 2 , 088. 30 
111.20·22 1. ~2.1z 1 . 61 8 . ~ 1 1 90~ .z8 2.202 . 41 ~ 1 42z . ft4 
2, 170. 72 2. 5. 99 3, 197. J ,75 .70 4, 751.01 ,4oo . 3 
570. 92 680, 54 862 , 71 1. 014. 28 1, 242 .21 1, 635,18 
4 , 054 . 94 6, 565.1 3 8, 496. 06 11, 006 . 25 12 , 744. 08 17, 387 . JO 
5. 59 5. 20 9, 058. 90 11, 72) .28 15,186.98 17,584. 92 2),979 .44 
924. 78 1,497. 26 1,937,63 2, 510.11 2,906.45 3,963. )4 
201.60 326.40 422.40 547 .20 6J). 60 864 , 00 
22.20 4.2. 80 ~ 7.2 . 00 78. 60 85 . 75 10,805. 72 17,491.49 22, 37.77 29, 323. 54 33, 947. 65 46,270.83 
3,450. 59 5, 590. 04 7,2)4. 75 9, )74. 20 10,855,36 14 ,805. 11 
4 , 757,92 7,71 0. 04 9,978. 87 12,930.99 14,974. 76 20,424, 82 
~ 112zo.68 1. 644.~2 2 .122.22 2!4zo. z2 2 2 ~71. 21 8 ,991 . 14, 570, 76 18, 858, 1 24,438, 11 28 , J00.84 J8 , 01.44 
1,814,46 2, 920. 73 3,779 . 16 4,885. 43 5,646.31 7, 669 . 39 
2 , 221.14 J,601. 73 4,862 . 54 6, 033 , 00 7, 293, 81 9 ,679 , 91 
1,796 ,27 2 ,969 , 87 3,903, 89 4,921. 81 5,855, 84 7,849. 73 
1, 078 , 76 1, 758 ,28 2 ,239,73 2,878.14 3,437, 87 4 , 597 , 07 
~ ~ ~ ~ 78. 60 ~ 5,1 8, 11 , 13, 16,666.12 22 , 12. 
1,887 .64 J . 064 , J2 4 , 137, 90 5, 135,49 6, 21 0. 08 b, 243. 75 
1, 520. 09 2. 520. J4 J , 314. 39 4,181.97 4,978. 04 6, 677.44 
21 .2·22 l 142.J.14 1.202.4~ 21446. ,22 2192,2 . 6,2 .2 1 ~1 1. 64 
4, 321. 72 7,077.80 9,354, 7 11, 764. 05 t4' 111. 77 18, )2. 83 
803, 65 1,295.88 1, 709.80 2,141 , 90 2 , 554 . 35 3. 379 . bJ 
438. 62 759 .29 936. 21 1, 227. 39 1,404, Jl 1.973. 77 
1,228.1 5 2 ,080.04 2, 644.43 J ,402 , 25 J ,966. 65 5. 526. 68 
1, 728. 85 2 ,808 . 00 J ,273. 75 4, 601.42 5,458. 55 6, 68J . '74 
618. 00 963, 00 1,284. 00 1, 637. 25 1,9 50 . 00 2 ,600. 25 
29.20 ~ 58.40 ~ 78. 60 85. 72 4 ,042.82 6, 5 . 13 8,196. 79 10, 3 12 . 858.1 1 16, 870. 39 
)68. 39 641 . 70 791.48 1, 039 . 65 1, 190. 4U. 1, 675. 80 
1, 035. 87 1, 761. 94 2 ,240. 95 2,886. 84 J , )67. 88 4 , b97 .49 
1.468. 06 2128z. 82 2.z8.2·ZZ ~.912 · .22 4, 645. 88 21620. 22 
Table A2 6. ( Continued ) 
Sows 
Total price discount 
Total discounted cost 
25 
620. 75 
206.26 
50 
881.72 
329.4J 
75 
881. 72 
339.10 
12 .5 
1,42.5 . 29 
592.37 
'l'able A27 . Annual manure disposal cos ts open f ronted system by number of 
sows 
:3ows 2.5 50 75 12.5 
Lagoons .$ 228. 56 285. 65 J47. J5 456. 55 
Pump ~ water d i sposal system • 00 .oo 1, 000. 00 1, 000. 00 
Dep . 5 yr. life 45 . 71 57 . lJ 269. 47 291 . 31 
Manure spreader dep . de repairs .oo .oo . oo . oo 
Tractor dep . & repairs .oo • 00 . oo . oo 
Tractor expense .oo • 00 . oo • 00 
O'.i or control expense .oo .oo . oo ~ 
Total treatment cost 45. 71 57.1 3 269.47 291. Jl 
Less price discount 
Manure s preader . oo • 00 . oo • 00 
a 10 year life 
b 7. 5 year life 
c 5 year life 
250 
2 ,872 . )2 
1,1 70 . 50 
250 
740. 55 
1.000. 00 
)48.11 
2e5. 02a 
200. ooa. 
255. J6 
_,i.QQ 
1,088.99 
6).27 
375 
4 , 791 .46 
1,862 . 67 
375 
1, 070.45 
1, 500.00 
514. 09 
285. 02a 
200. ooa 
398.16 
2 1 z12 1 00 
4,1 09 . ;;7 
63. 27 
184 
500 625 750 1000 
5,816.20 7,841.84 9 ,204. 20 12,063.58 
2,380. 59 J,099 .47 3,653. 91 4 ,806 . 81 
500 625 750 1000 
1, 378. 65 1,697 . ) 5 2, 020. 35 2 , 622. 05 
1, 500.00 1, 500. 00 2, 000.00 2 , 000 . 00 
575 . 73 639.47 804.07 924.41 
285. 02& J80 . 00~ 380 . 00~ 570. ()4C 
200. o<fl JOO. DO JOO. OD 400.00C 
5)5.92 677 . 88 819.00 1, 086. 96 
J. 6~1. 00 4 . 626 . 00 81424. 00 11 1164. ,20 
5,247. 67 6, 623. 35 1o, 727. 07 14, 145.91 
63.27 84. )6 84.36 126. 54 
Table A28 . Annual manure disposal costs controlled system by number of 
sows 
Sows 25 50 75 125 
Lagoons $ 241. JO J06 . 50 J79. 80 565 . 80 
r umps & wa ter disposal system . oo . oo 1. 000. 00 1,000 . 00 
t.)e p. 5 yr. life 48.26 61.80 275 . 96 JlJ .1 6 
filanure s preader • 00 . oo . oo .oo 
'i'ractor dep. • 00 .oo • :)0 • 00 
Tractor expense • 00 .oo • 00 .oo 
Crlor control • 00 . oo • 00 .oo 
Total treatment cost 48. 26 61 . JO 275. 96 JlJ . 16 
Less price discount 
r-canure spr eader • 00 • 00 . oo .oo 
al O year life. 
b7 . 5 year life . 
c5 year life. 
186 
250 375 500 625 750 1000 
964.40 1,400. 70 1,808.90 2,254.1 5 2, 653. 05 J,479. 00 
1, 000. 00 1,500.00 1,500.00 1,500.00 2,000. 00 2,000. 00 
392.88 580.14 661.78 750. 83 9J0. 61 1, 095. 80 
285. 02a 285. 02a 285. 02a 380. oob J8o. oob 570. Q4C 
200. ocfl' 200. ooa 200. ooa 300.oob 300. oob 400. ooc 
325.92 503. 16 670.32 853 .44 1,017. 24 1, 356.60 
.oo 2 1z12.oo ~ 1 106.00 61~8 . 00 11 1zoo. oo 21 ,J!J.2 .t1.i 
1,203.82 4,280.32 • 923.12 8,)2.27 14,327. 85 24, 502 .19 
63 .27 63. 27 63 .27 84.36 84 . J6 126 . 54 
" r 
Tabl e A29. Annual waste trea tment and di sposal costs open fronted and 
control led systems by number of sows 
Sova 25 50 ?5 125 
Open f ronted. a.late• 
Geatation 
Coat of •lotted floor $ 25.50 51.00 68. 00 119.00 
Pro-rated tre&t•nt ooata ~ 14.28 67,37 1§f :a5 Total coat J 65.28 135.37 
Leaa price d1acount .oo .oo .oo .oo 
Total discounted cost J6.9J 65,28 135,37 191,83 
Farrowing 
Coat of slotted. floors 39.27 72,93 72,93 112.20 
Pro-rated treataent coata ~ 7 .14 ~ ~ Total coat 80.07 1 .Jt • 
Leaa price dlacount .oo .oo .oo .oo 
Total discounted coet 44.98 ao.07 106.31 148.61 
Growing 
Coat of slotted floors 16,66 )J,J2 45.90 71.40 
Pro-rated treat .. nt coats a.sz ~ $~:fi 1il:~ Total coat 25.23 ,OJ
Leas price diacount ,00 .oo .oo .oo 
Total discounted coat 25.2) 44.0J 96,42 126.02 
F1n1ah1.Jlg 
Coat of alott«l floors 16.66 J).J2 66.64 116.62 
Pro-rated trea tun t coa ta ;i:~ Mt t~:~~ ~ Total coat 5 ,)1 • 7 
Leas price diaoount ,00 .oo .oo .oo 
Total discounted. coat )6.66 58,Jl 184.5) 244.0? 
Controlled a,tate• 
Gestation 
Coet of alot ted fioon )4,00 51.00 68.oo 119.00 
Pro-rated trea.t .. nt cost ~ ~ 1~:~ za122 Total coat .07 ,J2 19?.29 
Leas price discount .oo .oo .oo .oo 
Total discounted cost 46,07 66,32 1)6,99 197,29 
Farrowing 
Coat of slotted. floors 39.27 ?2.93 72,93 117.81 
Pro-rated treat.Jtent coata ~ Z166 1gj:~ ~114 Total coat 5.JO 80.59 15.95 
Leaa price discount .oo ,00 .oo .oo 
Tot&l. discounted cost 45,JO 80.59 10? .42 156.95 
188 
250 )75 500 625 750 1000 
2)8.00 280. 50 )74.00 43). 50 518. 50 697 . 00 
2z2 .22 11027. J2 11~11.92 116.22·84 21681. 27 a12J6.48 
510.25 1,)07.82 1, 85 .92 2,089.)4 J .200 .27 ,2)).48 
15.82 15.82 15.82 21.09 21.09 J1.6J 
494.4) 1,292.00 1,670.10 2,068.25 3,179.18 4,201.8) 
224.40 359.04 471.24 605.88 706 .86 959. Jl 
~ ,21 ~.66 6.2.2s26 827.92 11 )40188 11z68.24 J • 52 872.70 1,127,20 1,4JJ.80 2,047.74 2,727.55 
7.91 ?.91 7~91 10. 54 10 • .54 15.82 
3.52. 61 864.79 1,119.29 1,42).26 2,0)7.20 2. 711. 73 
142.80 234. 60 )16.20 397.80 474. JO 627 .JO 
)2'6· 19 
.99 ~ 1, 5 M 1, 3 .1 1.241 .88 1,639.68 21011.t~ 2,485. J 2.622.tf: J ,279. 6 
11.86 11.86 11.86 15. 82 15.82 23. 73 
335.1 J 993.23 1,288.28 1,623.86 2,469.81 3,255. 93 
233.24 366.52 499.80 649.74 799. 68 1,049. 58 
476.tJ 117~.80 2.222.86 21~Z· 71 4162J·09 61188.84 
709. 7 2,1 .)2 2, 795.66 J, 1 .45 5,492 . 77 7,238.42 
27 .68 27.68 27.68 )6.91 )6. 91 55.36 
681.99 2,1)6. 64 2, 767.98 3,510.54 5,455.86 7,183.06 
238. 00 289 . 00 374.00 442 . 00 527 .00 697. 00 
J00.4,2 11 ozo.08 1.z~.z8 21208. oz a·2si.26 6.122.22 
538.95 1,359.08 2, 1 • 78 2,650. 07 .108.96 6,822. 55 
15.82 15. 82 15. 82 21 . 09 21 . 09 31 . 6) 
.52J.1 J 1,)4).26 2,088.96 2,628. 98 4, 087. 87 6, 790.92 
2)5 .62 381.48 49). 68 6)9 • .54 740. 52 1, 009 .80 
~ ~ 862·~2 1,104.0J 11z20.28 ft1062.77 J .1 91 . 5 1,359. 07 1, 743. 57 2, 531. 50 ,072.57 
7.91 7. 91 7. 91 1 o • .54 10, .54 15. 82 
378.19 908.61 1, J51.1 6 1,7)3.03 2 ' 520. 96 4, 056 . 75 
T&ble A2.9. ( Continmd) 
Sowa 25 50 75 12) 
Growing 
Coat of slotted floors 21.25 42.50 53.29 103. 78 
Pro-rated trw.tHnt cost 9,05 11.49 51,74 ~I~ Total coat JO.JO 53.99 105.03 1 .50 
Lesa price discount ,00 .oo .oo .oo 
Total diacounted cost JO.JO 5J.99 105.03 162.50 
Finishing 
Cost of slotted. floora 21.25 42.50 88.82 172.97 
Pro-rated. treatment cost t1,lg 26.82 1201 z~ ~ Total cost 2.J 69.32 209. 55 )09.9 
Leu price diacount ,00 .oo .oo .oo 
Total diacounted. coat 42.)6 69,32 209.55 309,98 
Table AJO. Annual d iseas e cost all s ystems by number of sows 
son 25 50 75 125 
Paature ayatAa 
Gestation 
Pharaceuticals $ J.52 7,04 10,56 17.60 
Feed additives 21.00 42.00 63,00 105.00 
Vet, expense ~·00 20,00 ~ 4~1 oo Tot&l coat 52 69.04 1 J 167,60 
Leaa prio• discount .oo .oo .oo .oo 
Total discounted. coat 34,52 69.04 10),56 167,60 
Farrowing 
Feed additive• 14),04 285.96 422.76 703.08 
Vet, expense 10.00 20.00 ~ ~ Total cost 153,04 J05,96 52.? 7 • 
Growing 
Feed. &d.ditivea .oo ,00 711.00 1,182,84 
Vet, expenae 10.00 20,00 ~ 40.00 Total coat 10.00 20.00 7 1.00 1.µ2.8i 
Open fron tAd •l!te• 
Geatation 
Pb&raceuticals J.52 7,04 10.56 17.60 
Feed additives 21.00 42,00 63,00 105.00 
250 
210.12 
~ JS. 
11.86 
42).98 
350.20 
~ 7 • 7
27.68 
849.19 
250 
35.20 
21 0.00 
6~!00 
)10.20 
.oo 
310.20 
1,240.44 
62.00 
1,305.44 
2,365 ,56 
6,2.00 
2 ,430. 56 
35.20 
21 0.00 
37.5 
)27.42 
~ 1, 9.9 
11.86 
1,118.12 
.545.70 
11az2.64 
2,418.)4 
27. 68 
2,390.66 
375 
52.80 
315. 00 
so.co 
447.80 
.oo 
447.80 
2,109. 12 
80.00 
2,189.12 
J,.548.40 
80.00 
3,628.40 
52. 80 
315.00 
190 
500 
4)6 • .56 
1.2~.08 
1,7 .64 
11.86 
1,722.78 
727. 60 
~.028. 86 
3,756.46 
27.68 
3,728.78 
500 
70.40 
420.00 
~ 5 • 
24.64 
555.76 
2,812 . 20 
20.00 
2,902.20 
4, 731 .24 
~ 4, 1. 
70.40 
420.00 
625 
556. 66 
116_26. 0.2 
2,212.71 
15.82 
2,196. 89 
927. 60 
~1864!12 
,791.89 
36.91 
4,7.54.98 
625 
88. 00 
.525. 00 
100,00 
713.00 
J0.80 
682.20 
), ,520. 92 
100.00 
3, 620.92 
5. 92). J2 
100.00 
6, 02J. 32 
88.00 
.52 5. 00 
750 
663.00 
2 .686.42 
3,)49.47 
15.82 
3,JJJ. 65 
1,105.00 
61268!44 
7,373.44 
36.91 
7,336.53 
750 
105. 60 
630.00 
100!00 
835.60 
36. 96 
798.64 
4,224.48 
100.00 
4, 324.48 
7,107.48 
100. 00 
7,207 .48 
105, 60 
630.00 
1000 
884 . 08 
4!~24.1 6 
5,?8.24 
23. 73 
5,454. 51 
1,47).47 
1 o.z12.z1 
12.193.18 
55.36 
12.137.82 
1000 
140. 80 
840. 00 
1oo.00 
1,080.80 
49.28 
1,031.52 
5,630.52 
100.00 
5,730.52 
9,47).1 6 
100!00 
9,573.16 
140.80 
840.00 
.t 
Table AJO. ~Continued) 
Sowa 25 75 125 
D1a 1nfectan ts 12.68 12.68 12.68 25.36 
Vet. expenae ~ 60.00 ~ 120.00 Total coat ?. 121.?2 1? .2 267.96 
Leas price diacou:nt .oo .oo .oo .oo 
Total d1aoounted cost 67.20 121.72 1?6.24 267,96 
Farrowing 
Phamao9uttoila 120.31 252.6.5 397.02 649.66 
FHcl &dd1t1Yea 26?.48 562.08 88J • .56 1,445.16 
Dia1nfectanta J8.04 )8.04 )8.04 )8.04 
Vet. expense ~ 60100 ~ 120100 Total coat 55. J 912.Tl 1, • 2,252.86 
Le•• price diacount .oo .oo .oo .oo 
Total diacounted coat 455.8) 912.17 1,408.62 2,252.86 
Growing 
Ph&raeeutical• 41.)7 86.99 1)6.84 22J.S6 
Feed &d.d.itive• .oo .oo 1,300.32 2,124.)6 
Dia1nfectl nts .oo .oo )8.04 JB.04 
Vet, expenae ~ 60100 ~ 120.00 Total cost 1 146.99 1. 2,563.96 
Le•• price discount .oo .oo .oo .oo 
Total discounted coat 71,37 146.99 1,565.20 2,505.96 
F1niah~ 
Pbaraceutical• 1.5.60 32.80 51.60 84.JO 
Feed. add1t1na .oo .oo .oo 849.72 
Disinfectan ta )8.04 )8,()4. )8.()4. J8.04 
Vet. expense H 601 00 90,~ 120.00 Total coat J. 130,§4 179. 1,092.06 
Lesa price d1aoo\Ult .oo .oo .oo .oo 
Total diaoo\Ulted coat 8).64 1J0.84 119.64 1,o:;2.o6 
Controlled •lat.a 
Geatation 
Ph&naceutie&l.s J.52 7.04 10.56 1?.60 
Feed additives 21.00 42.00 63.00 105.00 
DiaWeotants 12.68 12.68 12.68 25.36 
Vet, expenae 20.00 !S2.m2 60.flD ~ Total coat 57.20 101.12 146.24 ?.9 
Le•• prio• discount .oo .oo .oo .oo 
~tal diacounted coat 57.20 101.12 146.24 24?.96 
192 
250 375 500 625 750 1000 
38. 04 50.72 63.40 76 . 08 88. 76 101.44 
200.00 260.00 ~oo.oo 300. 00 ~oo. oo ~oo.oo 
483.24 678. 52 853.80 989 . 08 1,124.)6 1,)82.24 
12.)2 18.48 24. 64 J0.80 J6 . 96 4<) . 28 
470. 92 660.04 829. 16 958.28 1, 087 . 40 1,))2.96 
l,J17.J7 2, 09J . J6 2,821.22 J,422 . 76 4 , JJl.09 5, 726. 66 
2.928. 96 4 ,654. 08 6. 270.00 7, 942 .20 9 ,6)1.80 12,763. 20 
76 . 08 152.16 152.16 228.24 228. 24 )42 . J6 
200. 00 260.00 ~ ~ too.co JOO.CO 4, 522 .41 7,1 59. 60 9. 11 , 93 . 14, 91.13 19 , 1)2.22 
461 . 08 7)2 . 68 987.43 1,1 97 . 97 1, 515. 88 2,004. JJ 
4 , 061. J3 6,426. 92 8, 555. 95 1o,695.23 12 ,975. 25 17,127. 89 
452. 70 71 9. 22 968 .25 1,226.82 1,489. )6 1,97). 88 
4 , 301. 64 6,8)4.24 9,200. 52 11, 541 . 00 14, 010. 84 18, 568. 80 
76 . 08 76 . 08 152 . 16 228.24 228. 24 228. 24 
200.00 260. 00 ~ ~oo. oo 200. 00 JOO~OO 5, 0J0.42 7,889. )4 10, . 9) 13,296. 06 16, 028 .44 21,070. 92 
158.44 251. 73 JJ8.89 429. J9 521 .28 690. 86 
4 ,871. 98 7,6)7. 81 10,282. 04 12,866. 67 15 , 507 .1 6 20, )80. 06 
170.70 271.20 365.10 462 . 60 561. 60 744. JO 
1, 720. 68 2 , 7JJ.72 J , 680.JJ 4 , 616.40 5, 6)4 . 36 7 ,427. 52 
76,.08 76 . 08 152.16 228.24 228. 24 228.24 
200. 00 260. 00 ~ too oo JOfl 00 JOO 0£ 2 ,167.46 J ,)41. 00 4 , 97 . 8 5, 7. 6, 72 .20 8, 7 • 
59. 74 94. 92 127.78 161.91 196. 56 260. 50 
2,107. 71 J ,246.08 4,J69 . 70 5,445.JJ 6, 527. 64 8,439.56 
J5.20 52 . 80 70 .40 88. 00 105. 60 140.50 
210. 00 310.00 420.00 525. 00 630. 00 840. 00 
J8 .04 50. 72 63.40 76.08 88 . 76 101.44 
180. 00 2go. oo ~ JOO O~ JOO.CO JOO. CO 463.24 6 8. 52 53. 8 9 9. 1,124.36 1,382.24 
12.32 18.48 24. 64 J0. 80 J6. 96 49 . 28 
450.92 650.04 829 .1 6 958. 28 1, 087 . 40 1,332.96 
Table AJO. ( Con t1.nued ) 
Sowa 25 50 75 125 
Farrowing 
Pba.raceuticals 132.34 264.68 515.06 685.76 
Feed add1t1vea 309.96 620.28 972.60 1,707.60 
D1a1nfectan ta JB.04 )8.04 38.04 J8.04 
Vet. expense 20,00 40.00 60.00 100.00 
Total coat 560.j4 963.00 1,485,70 2, 531 .4o 
Leas price discount .oo ,00 ,00 .oo 
Total d1acounted coat 500,34 963.00 1,~5.70 2,5Jl.40 
Growing 
Pha.raaceut1cala 53,o4 106,21 166. 55 J2J,54 
Feed adcUt1vea .oo .oo 1,526.04 2,964.60 
Dia1nf ectan ta ,00 .oo )8.04 38.04 
Vet. expenae 20.00 40.00 60100 100.00 
Total coat 7).04 146.21 1,190,63 3,426.18 
Leas price discount .oo .oo .oo .oo 
Tota.l discounted coat 73.04 146,21 1,790.63 J,426,18 
F1niahin8 
Pb&ru.ceuticala 20.00 40,05 62.80 122.00 
Feed add1t1•aa .oo .oo ,00 1,194.60 
Disinfectanta J8.04 )8.04 )8.04 J8.o6 
Vtt. expenae 20.00 40.00 60.00 100.00 
Total coat ?8.04 ti8.09 160.84 1,434.64 
Le•• price discount .oo .oo .oo .oo 
Total discounted coat 78,04 ua. 09 160.84 t ,454.64 
194 
250 375 500 625 750 1000 
1,389.56 2,165.54 2,887.39 3,681.42 4,385.23 5,846.97 
3,459.96 5,392.20 7 ,189. 56 9,166. 80 10,919.40 14, .523.12 
76.08 152.16 152.16 228.24 228.24 342.36 
180.00 220.00 ~oo.oo JOO 02 190.00 300.00 
5,105.60 7,959.90 1o,529.11 13,37 • 15,832 .87 21,012 .45 
486.)4 759.94 1, 010.59 1,288.50 1,532.83 2,046.44 
4,619.26 7 ,201.96 9,518.52 12 ,087.96 14,298.04 18,966.01 
655.41 1,021.55 1,362.07 1,736.66 2, 068.69 2,758.21 
6,005.76 9, 360.36 12,480.00 15, 753. 72 18,765.72 25,020.48 
76. 08 152.16 152.16 228.24 228.24 )42.JO 
180.00 2~.00 ~ JOO 20 ~oo.oo ~ 6,917.28 1o,7 • 07 14,29 .23 18, 1 • 21,362.65 28, 21. 5
229.40 357.54 476.72 607. 83 724.04 965.37 
6,687.88 10,426.53 13,817.51 17,410.79 20,638. 61 27,455.68 
247.15 385.20 513.60 654. 85 780.05 1,040.05 
2,420.10 J,771.90 5, 028.00 6,)45.18 7,561.86 10,082 .)4 
76.08 152.16 152.16 228.24 228.24 )42.36 
180.00 ~ ~ J00.00 ~00 00 ~ 2,923.33 4,559. 5,993. 7 7.531.27 8, 7 .15 11,7 .75 
86.50 1)4.82 179.76 229.20 273. 02 364. 02 
2,836.83 4,424.44 5,814.00 7,302.07 8,597.13 11,400. 73 
T
ab
le
 A
31
. 
In
pu
t 
c
o
e
ff
ic
ie
n
ts
 1
 t
h
ro
ug
h 
7 
p
as
tu
re
 g
e
st
a
ti
o
n
 
k 
xk
O
l 
xk
02
 
xk
O
J 
xk
04
 
xk
05
 
xk
06
 
xk
07
 
L
ev
el
 
au
il
d
in
g
 
F.
qu
ip
m
en
t 
So
w
s 
B
oa
rs
 
Re
p
a
ir
s 
D
is
e
a
se
 
Po
w
er
 
1 
58
.7
4 
JB
.1
7 
25
.0
 
2
.0
 
18
.6
1 
34
.5
2 
89
.6
4 
2 
11
7.
48
 
50
.7
3 
50
.0
 
4
.0
 
J0
.2
4 
69
.0
4 
16
8
.2
8 
J 
16
8
.8
1 
68
.7
8 
75
.0
 
6.
0 
4
J.
68
 
lO
J.
56
 
25
7
. 9
2 
4 
28
0
.8
9 
16
1.
 3
1 
12
5
.0
 
10
. 0
 
89
.6
4 
16
7.
60
 
46
6
.8
0 
5 
56
1.
 7
7 
J2
5
.2
5 
25
0
.0
 
21
.0
 
17
8
.7
9 
31
0.
20
 
76
6
. 0
2 
6 
84
3
.J
3 
40
7.
59
 
37
5.
0 
31
.0
 
24
3
.9
0 
44
7.
80
 
1
,1
26
.1
1 
7 
1
,1
2J
 • .
54
 
49
6
.0
2 
50
0.
0 
42
.0
 
34
5.
15
 
58
0
.4
0 
1
,4
75
.3
3 
8 
1,
41
4
. 6
6 
70
4
.1
4 
62
5
.0
 
52
.0
 
41
7
.1
5 
71
3.
00
 
1,
83
5.
43
 
9 
1
,7
10
.4
6 
78
8
.9
6 
75
0
.0
 
63
.0
 
48
1
.7
3 
83
5.
60
 
2
,1
84
.6
5 
10
 
2
,2
98
.7
2 
96
8
.0
2 
1
, o
oo
. 0
 
84
.0
 
61
9
.1
5 
1
,0
80
.8
0 
2,
89
3.
97
 
.... '-D
 
T
ab
le
 
A
32
. 
In
p
u
t 
c
o
e
ff
ic
ie
n
ts
 
va
ri
a
b
le
s 
8 
th
ro
u
g
h
 1
4 
p
as
tu
re
 g
e
st
a
ti
o
n
 
V
l 
k 
xk
08
 
xk
09
 
xk
10
 
xk
11
 
xk
12
 
xk
13
 
xk
14
 
L
ev
el
 
F
ee
d 
1 
F
ee
d 
2 
F
ee
d 
3 
W
as
te
 
L
ab
or
 
F
in
an
ce
 
De
a
th
le
ss
 
1 
12
.7
8 
o.
o 
o.
o 
60
.0
 
10
0.
0 
1
,9
42
.7
4 
2,
14
0
.0
0 
2 
24
.6
4 
o.
o 
o.
o 
60
.0
 
17
1
. 0
 
3,
53
7.
04
 
3,
97
6
.5
6 
3 
36
.0
5 
o.
o 
o.
o 
60
.0
 
21
3
.0
 
5,
12
9.
16
 
5,
69
0
.8
5 
4 
60
.2
3 
o.
o 
o.
o 
60
.0
 
26
1.
0 
8
,8
72
.5
7 
9
, 2
86
.4
5 
5 
1 2
0
.4
6 
o.
o 
o.
o 
60
.0
 
52
1
.0
 
17
' 1
59
. 0
0 
17
,7
29
.3
2 
6 
17
6
.5
9 
o.
o 
0,
0 
1 0
0.
0 
78
2
.0
 
24
,6
91
,5
0 
25
,9
84
.0
3 
7 
23
5
.4
5 
0,
0 
o.
o 
10
0.
0 
1
,0
44
.0
 
Jl
,8
38
.1
7 
33
,2
94
,9
5 
8 
29
1
,5
8 
o.
o 
0,
0 
12
0
. 0
 
1
,3
05
,0
 
40
,5
09
.7
0 
41
,4
71
.1
8 
9 
34
9
,5
2 
0,
0 
0,
0 
1 2
0
,0
 
1
,5
66
.0
 
47
,2
66
.8
3 
49
,4
)8
.1
7 
10
 
46
5
.4
3 
o.
o 
o.
o 
20
0
.0
 
2
,0
88
.0
 
62
,1
98
,5
5 
65
,7
16
.6
2 
T
ab
le
 A
JJ
. 
P
ri
ce
 
c
o
e
ff
ic
ie
n
ts
 v
a
ri
a
b
le
s 
1 
th
ro
u
g
h
 7
 p
as
tu
re
 g
e
st
a
ti
o
n
 
K
 
Pk
01
 
Pk
02
 
Pk
O
J 
Pk
04
 
Pk
o5
 
Pk
06
 
PJ
co
7 
L
ev
el
 
B
u
il
d
in
g
 
E
qu
ip
m
en
t 
So
w
s 
B
oa
rs
 
R
ep
ai
rs
 
D
is
ea
se
 
Po
w
er
 
1 
1.
00
00
 
1.
00
00
 
6
.6
1 
1
1
4
.J
 
1.
00
00
 
1.
00
00
 
0.
54
73
 
2 
1
.0
00
0 
1.
00
00
 
6.
61
 
1
1
4
.J
 
1.
00
00
 
1
. 0
00
0 
o.
46
00
 
J 
1
.0
00
0 
1.
00
00
 
6.
61
 
1
1
4
.J
 
1
. 0
00
0 
1
.0
0
00
 
o.
41
40
 
4 
1.
00
00
 
1.
00
00
 
6.
61
 
1
1
4
.J
 
1.
00
00
 
1.
00
00
 
o.
43
79
 
5 
0
.9
79
9 
1.
00
00
 
6.
61
 
1
1
4
.J
 
1.
00
00
 
1.
00
00
 
0.
)0
04
 
6 
0.
98
00
 
0.
96
18
 
6.
61
 
1
1
4
.J
 
1
.0
00
0 
1.
00
00
 
0.
27
72
 
7 
0
.9
80
0 
0.
95
92
 
6.
61
 
1
1
4
.J
 
0.
90
00
 
0.
95
75
 
0.
26
44
 
8 
0
.9
80
2 
0.
96
44
 
6
.6
1 
1
1
4
.J
 
0.
90
00
 
0.
95
68
 
0.
25
34
 
9 
0.
95
46
 
0.
90
57
 
6.
61
 
1
1
4
.J
 
0.
80
00
 
0.
95
57
 
0.
24
76
 
10
 
0
.9
60
8 
o.
89
82
 
6.
61
 
1
1
4
.J
 
0.
80
00
 
0.
95
44
 
0.
23
98
 
.....
. '° °' 
T
ab
le
 A
)4
. 
P
ri
ce
 c
o
e
ff
ic
ie
n
ts
 v
a
ri
a
b
le
s 
8 
th
ro
u
g
h
 1
4 
p
as
tu
re
 g
e
st
a
ti
o
n
 
K
 
p
k
0
8
 
Pk
09
 
Pk
tO
 
Pk
11
 
Pk
12
 
P
k
t)
 
Pk
14
 
L
ev
el
 
F
ee
d 
1 
F
ee
d 
2 
F
ee
d 
J 
W
as
te
 
L
ab
or
 
F
in
an
ce
 
D
ea
th
lo
ss
 
1 
80
.0
0 
o
.o
 
o
.o
 
1
.0
 
J.O
O
 
.0
84
7 
.0
02
5 
2 
80
.0
0 
o
.o
 
o
.o
 
1
.0
 
J.
O
O
 
.0
84
7 
.0
02
5 
J 
80
.0
0 
o
.o
 
o
.o
 
1
.0
 
3
.0
0
 
.0
84
7 
.0
02
5 
4 
80
.0
0 
o
.o
 
o
.o
 
1
.0
 
J.
0
0
 
.0
84
7 
.0
02
5 
5 
75
.0
0 
o
.o
 
o
.o
 
1
.0
 
J.
O
O
 
.0
8
)0
 
.0
02
5 
6 
75
.0
0 
o
.o
 
o
.o
 
1
.0
 
J.O
O
 
.0
83
0 
,0
02
5 
7 
70
.0
0 
o.
o 
o
.o
 
1
.0
 
J.O
O
 
.0
8
)0
 
.0
02
5 
8 
70
.0
0
 
o
.o
 
o
.o
 
1
.0
 
J.O
O
 
.0
8
)0
 
.0
02
5 
9 
70
.0
0 
o
.o
 
o
.o
 
1
.0
 
J.O
O
 
.0
8
)0
 
.0
02
5 
10
 
70
.0
0 
o
.o
 
o
.o
 
1
.0
 
J.
O
O
 
.0
83
0 
.0
02
5 
T
ab
le
 A
35
. 
C
o
st
 p
er
 h
ea
d 
v
a
ri
a
b
le
s 
1 
th
ro
u
g
h
 7
 p
as
tu
re
 g
e
st
a
ti
o
n
 
L
ev
el
 
B
u
il
d
in
g
 
E
qu
ip
m
en
t 
So
w
s 
Bo
ar
s 
Re
p
a
ir
s 
D
is
ea
se
 
Po
w
er
 
1 
0.
33
 
0.
21
 
0.
92
 
1.
27
 
0.
10
 
0.
19
 
0.
27
 
2 
0.
33
 
0.
14
 
0.
92
 
1.
27
 
0.
08
 
0.
19
 
0.
22
 
3 
0.
32
 
0.
13
 
0.
93
 
1
.2
9 
0.
08
 
0.
1
9 
0.
20
 
4 
0.
32
 
0.
18
 
0.
93
 
1.
29
 
0.
10
 
0.
1
9 
0.
23
 
5 
0.
31
 
0.
1
8 
0.
93
 
1.
36
 
0.
10
 
0.
1
8 
0,
13
 
6 
0.
31
 
0.
1
5 
0.
93
 
1.
33
 
0.
09
 
0.
17
 
0.
12
 
7 
0.
31
 
o,
 1
3 
0.
93
 
1.
36
 
0,
09
 
0.
16
 
0.
11
 
8 
O.
Jl
 
0.
1
5 
0.
93
 
1.
34
 
0.
08
 
0.
15
 
0.
1
0 
9 
0.
31
 
0.
13
 
0,
93
 
1.
35
 
0.
07
 
0.
15
 
0.
1
0 
10
 
0.
31
 
0.
12
 
0.
93
 
1
.J
5
 
0.
07
 
0.
15
 
0.
10
 
T
ab
le
 A
J6
, 
C
o
st
 p
er
 h
ea
d 
v
a
ri
a
b
le
s 
8 
th
ro
u
g
h
 1
4 
p
as
tu
re
 g
e
st
a
ti
o
n
 
.....
. '° ......., 
Le
ve
l 
F
ee
d 
1 
F
ee
d 
2 
F
ee
d 
3 
W
as
te
 
L
ab
or
 
F
in
an
ce
 
De
a
th
lo
ss
 
1 
5.
68
 
o
.o
 
o.
o 
0.
33
 
1.
67
 
0.
91
 
O,
O
J 
2 
5.
48
 
o.
o 
o
.o
 
0.
17
 
1.
42
 
0
,8
J 
O
.O
J 
J 
5.
42
 
o
.o
 
o
.o
 
0.
11
 
1.
20
 
o.
82
 
0.
03
 
4 
5.
44
 
o.
o 
o.
o 
0.
07
 
o.
88
 
0,
85
 
0.
03
 
5 
5.
1
0 
o.
o 
o.
o 
0.
03
 
0,
88
 
0,
80
 
0.
02
 
6 
4,
99
 
o.
o 
o
.o
 
0,
04
 
0,
88
 
0 ,
7
7 
0.
02
 
7 
4.
66
 
o.
o 
o
.o
 
O
.O
J 
o.
88
 
0.
75
 
0,
02
 
8 
4.
61
 
o
.o
 
o
.o
 
0,
03
 
o.
88
 
0,
76
 
0.
02
 
9 
4
.6
0 
o
.o
 
o
.o
 
0,
02
 
0,
88
 
0,
74
 
0.
02
 
10
 
4.
60
 
o.
o 
o
.o
 
0.
03
 
0,
88
 
0.
73
 
0.
02
 
T
ab
le
 A
J7
. 
In
pu
t 
co
ef
fi
ci
en
ts
 v
ar
ia
b
le
s 
1 
th
ro
ug
h 
7 
p
as
tu
re
 f
ar
ro
w
in
g 
k 
xk
01
 
xk
02
 
xk
O
J 
X
kQ
4 
xk
05
 
xk
06
 
xk
07
 
L
ev
el
 
B
ui
ld
in
g 
F,q
_ u
ip
m
en
t 
So
ws
 
B
oa
rs
 
R e
p
ai
rs
 
D
is
ea
se
 
Po
w
er
 
1 
21
0
.9
4 
76
,2
9 
o.
o 
o.
o 
60
.1
6 
1
5
J.
 04
 
11
.2
0 
2 
42
1
.9
6 
13
2.
 0
7 
o.
o 
o.
o 
11
5
.1
0 
30
5,
96
 
15
.4
0 
3 
36
5
,8
9 
18
8,
02
 
o.
o 
o.
o 
11
7 
.9
7 
45
2.
76
 
19
.6
0 
4 
62
4.
26
 
34
6
.0
3 
o.
o 
o.
o 
20
7
,3
6 
74
8
.0
8 
28
,0
0 
5 
1
,2
21
,4
9 
66
8
,4
1 
0
,0
 
o.
o 
40
5
.0
0 
1
,3
05
.4
4 
49
,0
0 
6 
1
,8
1
9
.4
1 
95
7
.6
8 
o.
o 
0
,0
 
59
3.
16
 
2
, 1
89
.1
2 
75
,0
0 
7 
2
, 4
42
.9
8 
1
,2
2
5
.8
8 
o.
o 
o.
o 
77
5,
21
 
2 
,9
02
 .2
0 
96
,0
0 
8 
3
,0
75
.3
3 
1
, 6
38
, 7
1 
o.
o 
o.
o 
1
, 0
11
,3
7 
3
,6
20
,9
2 
11
7.
 0
0 
9 
3
,6
98
,9
2 
1,
90
3
.8
1 
o.
o 
o.
o 
1
, 1
91
.2
5 
4
,3
24
.4
8 
13
8
.0
0 
10
 
4
,9
46
,3
9 
2
,4
07
.2
1 
o.
o 
o.
o 
1
, ,
54
4.
 7
7 
5,
73
0,
52
 
15
9.
00
 
A
38
. 
._..
 
T
ab
le
 
In
pu
t 
co
ef
fi
ci
en
ts
 v
ar
ia
b
le
s 
8 
th
ro
ug
h 
14
 p
as
tu
re
 f
ar
ro
w
in
g 
'{
)
 
(X
) 
k 
xk
08
 
xk
09
 
xk
10
 
x
k
ll
 
xk
12
 
xk
13
 
xk
14
 
Le
v
el
 
Fe
ed
 1
 
Fe
ed
 2
 
Fe
ed
 
3 
W
as
te
 
L
ab
or
 
F
in
an
ce
 
D e
at
h
lo
ss
 
1 
7
,7
8 
1
.2
6
 
2
.8
8 
o.
o 
21
8.
0 
2
,2
5
2
,4
4
 
2
,6
26
,4
3 
2 
15
.5
5 
2
. 5
2 
5
,7
6 
0,
0 
)7
0.
0 
5
,4
24
.7
6 
5,
09
9,
14
 
3 
23
.0
0 
J
,7
2 
8.
51
 
o.
o 
49
3.
0 
6
,4
14
,2
9 
6
,9
19
,7
5 
4 
38
,2
) 
6
,2
0 
14
.1
6 
o.
o 
81
8.
0 
10
,7
73
.0
9 
11
, 1
80
. 9
5 
5 
76
.4
6 
12
.4
0 
18
. 7
2 
o.
o 
1
,6
35
.0
 
19
,7
70
.7
7 
19
, 6
80
.2
1 
6 
11
4
. 7
0 
18
.5
8 
42
.4
8 
o.
o 
2
,4
53
.0
 
29
,5
08
.7
5 
JO
, 7
21
.9
8 
7 
15
2.
93
 
24
.7
8 
56
.6
4 
o.
o 
3
,2
70
.0
 
38
,7
75
.0
0 
40
,7
65
,8
4 
8 
19
1
.4
8 
31
. 0
2 
70
.9
1 
o.
o 
4
,0
96
. 0
 
4
9
,7
01
.2
7 
51
,2
82
,8
9 
9 
22
9
. 7
2 
37
.2
3 
85
.0
9 
o.
o 
4
, 9
13
. 0
 
56
,7
58
.7
9 
60
,8
73
.4
5 
10
 
30
6
.1
8 
49
,6
3 
11
J
.4
1 
o.
o 
6
,5
49
. 0
 
74
,4
09
.9
4 
80
,8
)2
.9
4 
T
ab
le
 A
J9
. 
Pr
ic
e
 c
o
ef
fi
ci
en
ts
 v
ar
ia
b
le
s 
1 
th
ro
ug
h 
7 
p
as
tu
re
 f
ar
ro
w
in
g 
k 
Pk
ol
 
Pk
o2
 
Pk
oJ
 
Pk
o4
 
Pk
o5
 
Pk
o6
 
Pk
o7
 
L
ev
el
 
B
u
il
d
in
g 
fi
llu
ip
m
en
t 
So
w
s 
B
oa
rs
 
R
ep
ai
rs
 
D
is
ea
se
 
Po
w
er
 
1 
1.
00
00
 
1.
00
00
 
o
.o
 
o
.o
 
1
.0
 
1
.0
 
1
.0
 
2 
1.
00
00
 
1.
00
00
 
o
.o
 
o
.o
 
1
.0
 
1
.0
 
1
.0
 
J 
1.
00
00
 
1.
00
00
 
o
.o
 
o
.o
 
1
.0
 
1
.0
 
1
.0
 
4 
1.
00
00
 
1.
00
00
 
o
.o
 
o
.o
 
1
.0
 
1
.0
 
1
.0
 
5 
0.
97
10
 
1.
00
00
 
o
.o
 
o
.o
 
1
.0
 
1
.0
 
1
.0
 
6 
0.
97
08
 
0.
95
04
 
o
.o
 
o
.o
 
1
.0
 
1
.0
 
1
.0
 
7 
0.
97
02
 
0.
94
96
 
o
.o
 
o
.o
 
0
.9
 
1
.0
 
1
.0
 
8 
0.
97
11
 
0.
95
20
 
o
.o
 
o
.o
 
0
.9
 
1
.0
 
1
.0
 
9 
0.
97
12
 
o.
84
51
 
o
.o
 
o
.o
 
o
.s
 
1
. 0
 
1
.0
 
10
 
0.
97
13
 
0.
83
92
 
o
.o
 
o
.o
 
o
.8
 
1
.0
 
1
.0
 
.....
. 
\.
D
 
\.
D
 
T
ab
le
 A
40
. 
P
ri
ce
 c
o
ef
fi
ci
en
ts
 v
ar
ia
b
le
s 
8 
th
ro
ug
h 
14
 p
as
tu
re
 f
ar
ro
w
in
g 
k 
Pk
 OB
 
Pk
09
 
Pk
10
 
Pk
11
 
Pk
12
 
P
k
tJ
 
Pk
14
 
L
ev
el
 
Fe
ed
 1
 
Fe
ed
 2
 
Fe
ed
 
J 
W
as
te
 
la
b
o
r 
F
in
an
ce
 
D
ea
th
lo
ss
 
1 
9
0
.0
 
15
5.
0 
1
3
0
.0
 
o
.o
 
J.
O
 
0.
08
47
 
0.
02
 
2 
9
0
.0
 
15
5.
0
 
1
3
0
.0
 
o
.o
 
3
.0
 
0.
08
47
 
0.
02
 
J 
9
0
.0
 
15
5.
0 
1
3
0
.0
 
o
.o
 
J.
O
 
o.
08
47
 
0.
02
 
4 
so
.o
 
15
5.
0 
1
3
0
.0
 
o
.o
 
3
.0
 
0.
08
47
 
0.
02
 
5 
8
0
.0
 
15
5.
0 
1
1
4
.o
 
o
.o
 
3
.0
 
o.
O
B
JO
 
0.
02
 
6 
7
0
.0
 
13
5.
0 
11
4.
o 
o
.o
 
J.
O
 
0.
08
30
 
0.
02
 
7 
70
.0
 
13
5.
0 
1
1
4
.0
 
o
.o
 
3
.0
 
0.
00
30
 
0.
02
 
8 
7
0
.0
 
13
5.
0 
1
1
4
.o
 
o
.o
 
J.
O
 
0.
08
30
 
0.
02
 
9 
7
0
.0
 
1
3
5
.0
 
1
1
4
.o
 
o
.o
 
J.
O
 
0.
00
30
 
0.
02
 
10
 
7
0
.0
 
1
3
5
.0
 
1
1
4
.0
 
o
.o
 
J.
O
 
0.
08
30
 
0.
02
 
T
ab
le
 A
41
, 
C
os
t 
p
er
 h
ea
d 
v
ar
ia
b
le
s 
1 
th
ro
u
g
h
 7
 p
as
tu
re
 f
ar
ro
w
in
g
 
L
ev
el
 
B
u
il
d
in
g
 
~u
ip
me
nt
 
So
w
s 
B
oa
rs
 
R
ep
ai
rs
 
D
ia
 ea
se
 
Po
w
er
 
1 
1.
17
 
o.
42
 
o.
o 
o.
o 
0
,J
J 
o.
85
 
0.
06
 
2 
1.
17
 
O
.J
7 
o.
o 
o.
o 
0,
J2
 
0.
85
 
0,
04
 
J 
o.
69
 
O
.J
5 
o.
o 
o.
o 
0.
22
 
o.
85
 
o.
04
 
4 
0.
71
 
0.
39
 
o.
o 
o.
o 
0
.2
J 
o.
85
 
O
.O
J 
5 
0.
67
 
0.
38
 
o.
o 
o.
o 
0.
23
 
0.
74
 
O
,O
J 
6 
0.
67
 
o
.)
4
 
o.
o 
o.
o 
0.
22
 
0,
82
 
0.
03
 
7 
0.
67
 
0.
33
 
0:
0 
o.
o 
0.
20
 
0.
82
 
O
,O
J 
8 
0.
67
 
0.
35
 
o.
o 
o.
o 
0.
21
 
o.
82
 
0.
03
 
9 
o.
68
 
0.
30
 
o.
o 
o.
o 
0.
18
 
0.
81
 
0.
03
 
10
 
o.
68
 
0.
28
 
o.
o 
o.
o 
0,
17
 
0,
81
 
0.
02
 
N
 
T
ab
le
 A
42
. 
C
os
t 
p
er
 h
ea
d 
v
ar
ia
b
le
s 
8 
th
ro
ug
h 
14
 p
as
tu
re
 f
ar
ro
w
in
g
 
0 0 
L
ev
el
 
F
ee
d 
1 
F
ee
d 
2 
F
ee
d 
.3 
W
as
te
 
L
ab
or
 
F
in
a.
ne
e 
D
ea
th
lo
ss
 
1 
3.
89
 
1,
08
 
2
,0
8 
o.
o 
J.
6
J 
1
.0
6 
0.
29
 
2 
J.
89
 
1.
08
 
2.
08
 
o.
o 
J.
0
8
 
1.
28
 
0,
28
 
J 
J.
89
 
1
.0
8 
2,
08
 
o.
o 
2,
78
 
1.
02
 
0,
26
 
4 
J.
46
 
1.
09
 
2,
08
 
o.
o 
2,
77
 
1
.0
J 
0.
25
 
5 
J.
46
 
1.
08
 
1
.8
2 
o.
o 
2.
77
 
0.
93
 
0,
22
 
6 
J.
02
 
0.
94
 
1.
82
 
o.
o 
2.
77
 
0.
92
 
0.
23
 
7 
3,
02
 
0,
94
 
1.
82
 
o.
o 
2.
77
 
0.
91
 
0.
23
 
8 
J.
02
 
0.
94
 
1.
82
 
o.
o 
2
.7
7 
0.
93
 
0.
23
 
9 
3.
02
 
0.
95
 
1.
82
 
o.
o 
2.
77
 
0.
89
 
0
.2
) 
10
 
J.
 02
 
0.
95
 
1.
82
 
o.
o 
2.
77
 
o.
87
 
0.
23
 
T
ab
le
 A
4J
. 
In
p
u
t 
c
o
e
ff
ic
le
n
ts
 
v
a
ri
a
b
le
s 
1 
th
ro
u
g
h
 7
 p
as
tu
re
 g
ro
w
in
g 
k 
xk
01
 
xk
02
 
xk
O
J 
xk
04
 
xk
05
 
xk
06
 
xk
07
 
L
ev
el
 
Bu
il
d
in
g 
F,
qu
ip
m
en
t 
S
ow
s 
Bo
ar
s 
R
ep
ai
rs
 
Di
se
as
e 
P
ow
er
 
1 
95
.2
3 
10
5.
 6
4 
o.
o 
o.
o 
45
.1
6 
10
.0
0 
14
.7
 
2 
19
0.
47
 
16
8.
 74
 
o.
o 
o.
o 
75
.2
2 
20
.0
0 
18
.9
 
J 
27
4.
90
 
23
9.
48
 
o.
o 
o.
o 
10
9.
 79
 
14
1.
 0
0 
23
.1
 
4 
45
).
64
 
43
0.
99
 
o.
o 
o.
o 
19
).
97
 
1,
22
2.
84
 
31
.5
 
5 
91
7.
25
 
8)
0.
12
 
o.
o
 
o.
o 
37
7.
88
 
2,
43
0.
56
 
52
.5
 
6 
1
,)
69
.4
8 
1,
22
7.
75
 
o.
o 
o.
o 
56
2.
47
 
),
62
8.
40
 
81
.0
 
7 
1,
83
3.
61
 
1
, .
54
2.
 7
4 
o.
o 
o.
o 
71
7.
75
 
4,
82
1.
24
 
10
2.
0 
8 
2
,)
1
7
.0
) 
2,
05
5,
85
 
o.
o 
o.
o 
74
0.
 7
6 
6,
02
3.
32
 
12
3.
0 
9 
2,
77
7.
48
 
2,
39
9,
46
 
o.
o 
o.
o 
1,
10
8.
95
 
7 ,
20
7 
,4
8 
14
4.
o 
10
 
3,
71
8.
96
 
),
06
4.
85
 
o.
o 
o.
o 
1
,4
J6
.3
5 
9,
57
3.
16
 
16
5.
0 
T
ab
le
 A
44
. 
In
p
u
t 
c
o
e
ff
ic
ie
n
ts
 v
a
ri
a
b
le
s 
8 
th
ro
u
g
h
 1
4 
p
as
tu
re
 g
ro
w
in
g 
N
 
0 ~
 
k 
xk
08
 
xk
09
 
xk
10
 
xk
11
 
xk
12
 
xk
13
 
~1
4 
L
ev
el
 
F
ee
d 
1 
F
ee
d 
2 
F
ee
d 
) 
W
as
te
 
L
a
b
o
r 
F
in
an
ce
 
D
e
a
th
lo
ss
 
1 
20
.2
5 
o.
o 
o.
o 
o.
o 
64
.o
 
2,
29
9.
59
 
2,
27
7.
64
 
2 
40
.1
0 
o.
o 
o.
o 
o.
o 
12
8
.0
 
4
,0
14
.)
9 
4,
20
5.
 07
 
) 
59
.2
5 
o.
o 
o.
o 
o.
o 
19
0,
0 
5,
94
1.
49
 
6,
30
5.
58
 
4 
98
.5
7 
o.
o 
o.
o 
o.
o 
J1
6
.o
 
10
,9
78
.1
6 
12
 ,2
04
.1
0 
5 
1 9
7 .
13
 
o.
o 
o.
o 
o.
o 
6)
1
.0
 
20
, 8
01
. 0
) 
22
,9
71
.4
6 
6 
29
5.
70
 
o.
o 
o.
o 
o.
o 
94
7
.0
 
30
,4
79
,6
7 
)4
,2
98
.)
4 
7 
39
4.
27
 
o.
o 
o.
o 
o.
o 
1,
26
2.
0 
39
,6
52
.5
5 
45
,4
35
,5
4 
8 
49
3.
61
 
o.
o 
o.
o 
o.
o 
1,
58
0.
0 
50
,7
63
.3
2 
56
,9
61
.3
1 
9 
59
2
.2
9 
o.
o 
o.
o 
o .
o
 
1
,8
96
.o
 
56
,6
5)
.8
4 
67
 ,5
71
.5
0 
10
 
78
9.
43
 
o.
o 
o.
o 
o.
o 
2,
52
7,
0 
74
,2
94
.5
0 
89
,7
56
.4
4 
T
ab
le
 A
45
. 
P
ri
ce
 c
o
e
ff
ic
ie
n
ts
 v
a
ri
a
b
le
s 
1 
th
ro
u
g
h
 ?
 p
as
tu
re
 g
ro
w
in
g 
k 
Pk
O
l 
Pk
02
 
Pk
O
J 
Pk
04
 
Pk
o5
 
Pk
06
 
Pk
07
 
L
ev
el
 
B
u
il
d
in
g
 
F
.q
ui
pm
en
t 
So
w
s 
B
oa
rs
 
R
ep
ai
rs
 
D
is
ea
se
 
P
ow
er
 
1 
1.
00
00
 
1
.0
00
0 
o
.o
 
o
.o
 
1.
00
00
 
1.
00
00
 
1.
00
00
 
2 
1
.0
00
0 
1.
00
00
 
o
.o
 
o
.o
 
1.
00
00
 
1.
00
00
 
1.
00
00
 
J 
1.
00
00
 
1.
00
00
 
o
.o
 
o
.o
 
1.
00
00
 
1.
00
00
 
1.
00
00
 
4 
1.
00
00
 
1,
00
00
 
o
.o
 
o
.o
 
1.
00
00
 
1.
00
00
 
1.
00
00
 
5 
0.
95
52
 
1.
00
00
 
o
.o
 
o
.o
 
1.
00
00
 
1.
00
00
 
1,
00
00
 
6 
0.
95
50
 
0.
95
32
 
o
.o
 
o
.o
 
1.
00
00
 
1.
00
00
 
1.
00
00
 
? 
0.
95
52
 
0,
95
12
 
o
.o
 
o
.o
 
0.
90
00
 
1
. 0
00
0 
1.
00
00
 
8 
0.
95
56
 
0.
95
34
 
o
.o
 
o
.o
 
0.
90
00
 
1.
00
00
 
1.
00
00
 
9 
0.
89
21
 
0,
85
15
 
o
.o
 
o
.o
 
0.
80
00
 
1.
00
00
 
1.
00
00
 
10
 
0,
89
26
 
o.
84
67
 
o
.o
 
o
.o
 
0.
80
00
 
1.
00
00
 
1.
00
00
 
I\
) 
0 I\
)
 
T
ab
le
 A
46
. 
P
ri
ce
 c
o
e
ff
ic
ie
n
ts
 v
a
ri
a
b
le
s 
8 
th
ro
u
g
h
 1
4 
p
as
tu
re
 g
ro
w~
ng
 
k 
Pk
08
 
Pk
09
 
Pk
10
 
Pk
11
 
P
k1
2 
Pk
1J
 
Pk
14
 
L
ev
el
 
F
ee
d 
1 
F
ee
d 
2 
F
ee
d 
J 
W
as
te
 
L
a.
bo
r 
F
in
an
ce
 
D
ea
th
le
ss
 
1 
8
0
.0
 
o
.o
 
o
.o
 
o
.o
 
3.
0 
o.
08
4?
 
0.
01
 
2 
75
.0
 
o
.o
 
o
.o
 
0
,0
 
3
.0
 
0,
08
47
 
0.
01
 
J 
75
.0
 
o
.o
 
o
.o
 
o
.o
 
3
.0
 
o.
08
47
 
0.
01
 
4 
75
.0
 
o
.o
 
o
.o
 
o
.o
 
3
.0
 
0.
08
47
 
0.
01
 
5 
7
5
,0
 
o
.o
 
o
.o
 
o.
o
 
J.
O
 
0.
08
)0
 
0.
01
 
6 
75
.0
 
o
.o
 
0
,0
 
o
.o
 
J.
O
 
0,
08
30
 
0.
01
 
7 
75
.0
 
o
.o
 
o
.o
 
0
,0
 
J.
O
 
0.
08
30
 
0.
01
 
8 
75
.0
 
o
.o
 
o
.o
 
o
.o
 
J.O
 
0.
08
30
 
0.
01
 
9 
75
,0
 
o
.o
 
o
.o
 
o
.o
 
3
.0
 
0.
08
30
 
0.
01
 
10
 
75
.0
 
o
.o
 
o
.o
 
o
.o
 
3
.0
 
0.
00
30
 
0.
01
 
T
ab
le
 A
47
. 
C
os
t 
p
er
 h
ea
d 
v
a
ri
a
b
le
s 
1 
th
ro
u
g
h
 7
 p
as
tu
re
 g
ro
w
in
g 
L
ev
el
 
B
u
il
d
in
g
 
E
qu
ip
m
en
t 
So
w
s 
B
oa
rs
 
R
ep
ai
rs
 
D
is
ea
se
 
P
ow
er
 
1 
0.
53
 
0.
59
 
o.
o 
o.
o 
0.
25
 
0.
06
 
o.
08
 
2 
0.
5J
 
o.
47
 
o.
o 
o.
o 
0.
21
 
0.
06
 
0.
05
 
3 
0.
52
 
o.
45
 
o.
o 
o.
o 
0.
21
 
0.
26
 
o.
04
 
4 
0.
51
 
0.
49
 
o.
o 
o.
o 
0.
22
 
1.
J8
 
o.
04
 
5 
0.
50
 
o.
47
 
o.
o 
o.
o 
0.
21
 
1.
37
 
O
.O
J 
6 
0.
49
 
o.
44
 
o.
o 
o.
o 
0.
21
 
1.
J7
 
0.
03
 
7 
o.
49
 
0.
41
 
o.
o 
o.
o 
0.
18
 
1
.)
6
 
O
.O
J 
8 
0.
50
 
o.
44
 
o.
o 
o.
o 
0.
15
 
1.
36
 
O
.O
J 
9 
o.
4?
 
0.
)8
 
o.
o 
o.
o 
0.
17
 
1
.)
6
 
0.
03
 
10
 
o.
;7
 
0.
37
 
o.
o 
o.
o 
0.
16
 
1.
35
 
~0
.0
2 
T
ab
le
 A
48
. 
C
os
t 
p
er
 h
ea
d 
v
a
ri
a
b
le
s 
8 
th
ro
u
g
h
 1
4
 p
as
tu
re
 g
ro
w
in
g 
I'
\)
 
0 '-
" 
L
ev
el
 
F
ee
d 
1 
F
ee
d
 2
 
F
ee
d 
3 
W
as
te
 
L
ab
or
 
F
in
an
ce
 
D
ea
th
lo
ss
 
1 
9.
00
 
o.
o 
o.
o 
o.
o 
1.
07
 
1
.0
8 
0.
13
 
2 
8.
J5
 
o.
o 
o.
o 
o.
o 
1.
07
 
0.
95
 
0.
12
 
3 
8
.)
5
 
o.
o 
o.
o 
o.
o 
1.
07
 
0.
95
 
0.
12
 
4 
8.
)5
 
o.
o 
o.
o 
o.
o 
1.
07
 
1.
02
 
0.
1.
3 
5 
8.
35
 
o.
o 
o.
o 
o.
o 
1.
07
 
0.
98
 
0.
1J
 
6 
8.
J5
 
o.
o 
o.
o 
o.
o 
1.
07
 
0.
95
 
0.
13
 
7 
8 •
 .35
 
o.
o 
o.
o 
o.
o 
1.
07
 
0.
93
 
0.
1J
 
8 
8.
35
 
o.
o 
o.
o 
o.
o 
1.
07
 
0.
95
 
0.
13
 
9 
8.
35
 
o.
o 
.o
~o
 
o.
o 
1.
07
 
o.
88
 
0.
13
 
10
 
a.
35
 
o.
o 
o.
o 
o.
o 
1.
07
 
o.
87
 
0.
13
 
T
ab
le
 A
49
. 
In
p
u
t 
c
o
e
ff
ic
ie
n
ts
 v
ar
ia
b
le
s 
1 
th
ro
u
g
h
 7
 p
as
tu
re
 f
in
is
h
in
g
 
k 
xk
O
l 
xk
02
 
xk
O
) 
xk
04
 
xk
05
 
xk
06
 
xk
07
 
L
ev
el
 
B
u
il
d
in
g
 
E
qu
ip
m
en
t 
So
w
s 
B
oa
.rs
 
R
ep
ai
rs
 
D
is
ea
se
 
Po
w
er
 
1 
95
.2
) 
10
5.
64
 
o.
o 
o.
o 
45
.1
6 
10
.0
 
14
.1
 
2 
19
0.
47
 
16
8.
 7
4 
o.
o 
o.
o 
75
,2
2 
20
.0
 
18
.9
 
) 
27
4.
90
 
23
9.
48
 
o.
o 
o.
o 
10
9.
 79
 
30
.0
 
23
.1
 
4 
45
).
64
 
43
0.
99
 
o.
o 
o.
o 
19
).
97
 
40
.0
 
31
.5
 
5 
91
7.
25
 
8)
0.
12
 
o.
o
 
o.
o 
37
7
.8
8 
65
.0
 
52
.5
 
6 
1
,)
69
.4
8 
1
,2
27
,7
5 
o.
o 
o.
o 
56
2.
47
 
80
.0
 
81
.0
 
7 
1,
83
3.
61
 
1,
54
2.
 74
 
o.
o
 
o.
o
 
71
7.
 7
5 
90
.0
 
10
2.
 0
 
8 
2,
31
7.
03
 
2,
05
5.
85
 
o.
o 
o.
o 
74
0.
 7
6 
10
0.
 0
 
12
3.
0 
9 
2,
77
7.
48
 
2,
)9
9.
46
 
o.
o 
o.
o 
1,
10
8.
95
 
10
0.
 0
 
14
4.
o 
10
 
3
, 7
18
.9
6 
3,
06
4.
85
 
o
.o
 
o.
o 
1
,4
)6
.J
5 
10
0.
 0
 
16
5
.0
 
T
ab
le
 A
50
. 
In
p
u
t 
c
o
e
ff
ic
ie
n
ts
 v
a
ri
a
b
le
s 
8 
th
ro
u
g
h
 1
4 
p
as
tu
re
 
fi
n
is
h
in
g
 
N
 ~ 
k 
xk
08
 
xk
09
 
xk
10
 
xk
11
 
xk
12
 
xk
13
 
xk
14
 
L
ev
el
 
F
ee
d 
1 
F
ee
d 
2 
F
ee
d 
3 
W
as
te
 
L
ab
or
 
F
in
an
ce
 
D
ea
th
lo
ss
 
1 
16
.8
5 
25
.2
7 
o
.o
 
o.
o 
64
.0
 
J,
 11
0.
91
 
J,
96
9.
04
 
2 
33
.3
6 
50
.0
4 
o.
o 
o.
o 
12
8.
0 
5,
51
3.
04
 
7,
32
9.
36
 
3 
4
9
.)
0 
73
.9
4 
o.
o 
o.
o 
19
0.
0 
8
,1
00
.7
6 
10
, 8
07
 .1
1 
4 
82
.0
1 
1 2
3
. 0
1 
o.
o 
o.
o 
31
6.
0 
13
, 7
71
. 0
9 
18
,0
26
.6
5 
5 
16
4.
 0
2 
24
6.
 0
2 
o.
o 
o.
o
 
~1
.0
 
26
,9
87
. 3
2 
35
,8
57
.5
0 
6 
24
6.
02
 
36
9.
03
 
o.
o 
o.
o 
7.
0 
39
,7
58
.5
1 
53
,6
26
. 1
5 
7 
)2
8
.0
J 
49
2.
04
 
o.
o 
o.
o 
1,
26
2.
0 
52
,0
24
.)
2 
71
,2
05
.8
8 
8 
41
0.
69
 
61
6.
 O
J 
o.
o 
o.
o 
1,
58
0.
0 
66
, 2
53
.1
9 
89
,2
26
.6
9 
9 
49
2.
79
 
73
9.
1
8 
o.
o 
o
.o
 
1
, 8
96
. 0
 
75
,2
40
.1
2 
10
6,
28
6.
81
 
10
 
65
6,
80
 
98
5
.2
0 
o.
o 
o.
o 
2
,5
27
.0
 
99
, 0
66
.2
5 
14
1
,3
56
.0
0 
T
ab
le
 A
51
. 
P
ri
ce
 c
o
e
ff
ic
ie
n
ts
 v
a
ri
a
b
le
s 
1 
th
ro
ug
h 
7 
p
as
tu
re
 f
in
is
h
in
g 
k 
Pk
01
 
Pk
02
 
Pk
 O
J 
Pk
04
 
Pk
o5
 
Pk
06
 
Pk
07
 
L
ev
el
 
B
u
il
d
in
g
 
E
qu
ip
m
en
t 
So
w
s 
B
oa
rs
 
R
ep
ai
rs
 
D
is
ea
se
 
P
ow
er
 
1 
1
. 0
00
0 
1.
00
00
 
o
.o
 
o
.o
 
1.
00
00
 
1.
00
00
 
1.
00
00
 
2 
1.
00
00
 
1.
00
00
 
o
.o
 
o
.o
 
1.
00
00
 
1
.0
00
0 
1.
00
00
 
J 
1
.0
00
0 
1.
00
00
 
o
.o
 
o
.o
 
1.
00
00
 
1
.0
00
0 
1.
00
00
 
4 
1.
00
00
 
1.
00
00
 
o
.o
 
o
.o
 
1
.0
00
0 
1
.0
00
0 
1.
00
00
 
5 
0.
95
52
 
1.
00
00
 
o
.o
 
o
.o
 
1.
00
00
 
1.
00
00
 
1.
00
00
 
6 
0.
95
50
 
0
.9
53
2 
o
.o
 
o
.o
 
1.
00
00
 
1.
00
00
 
1
.0
0
00
 
7 
0
.9
55
2 
0.
95
12
 
o
.o
 
. o
.o
 
0.
90
00
 
1.
00
00
 
1
.0
00
0 
8 
0.
95
56
 
0.
95
34
 
o
.o
 
o
.o
 
0.
90
00
 
1.
00
00
 
1.
00
00
 
9 
0
.8
92
1 
0.
85
15
 
O
;O
 
o
.o
 
0.
80
00
 
1.
00
00
 
1.
00
00
 
10
 
0
.8
92
6 
o.
84
67
 
o
.o
 
o
.o
 
0.
80
00
 
1.
00
00
 
1
.0
0
00
 
N
 
0 \J
I 
T
ab
le
 A
52
. 
P
ri
ce
 c
o
e
ff
ic
ie
n
ts
 v
a
ri
ab
le
s 
8 
th
ro
u
g
h
 1
4 
p
as
tu
re
 f
in
is
h
in
g
 
k 
Pk
08
 
Pk
09
 
Pk
10
 
Pk
11
 
Pk
12
 
P
k1
J 
Pk
14
 
L
ev
el
 
F
ee
d 
1 
F
ee
d 
2 
F
ee
d 
3 
W
as
te
 
L
ab
o
r 
F
in
an
ce
 
D
ea
th
lo
ss
 
1 
8
0
.0
 
75
.0
 
o
.o
 
o
.o
 
J.
O
 
0
.0
84
7 
0.
01
 
2 
7
5
.0
 
7
0
.0
 
o
.o
 
o
.o
 
J.
O
 
0.
08
47
 
0.
01
 
J 
75
.0
 
7
0
.0
 
o
.o
 
o
.o
 
J.
O
 
0.
08
47
 
0
.0
1 
4 
75
.0
 
7
0
.0
 
o
.o
 
o
.o
 
J.
O
 
o.
08
47
 
0.
01
 
5 
75
.0
 
7
0
.0
 
o
.o
 
o
.o
 
J.
O
 
0
.0
8
)0
 
0.
01
 
6 
7
5
.0
 
7
0
.0
 
o
.o
 
o
.o
 
J.
O
 
0.
08
30
 
0.
01
 
7 
75
.0
 
7
0
.0
 
o
.o
 
o
.o
 
J.
O
 
0
.0
03
0 
0.
01
 
8 
7
5
.0
 
7
0
.0
 
o
.o
 
o
.o
 
J.
O
 
0.
08
30
 
0.
01
 
9 
75
.0
 
7
0
.0
 
o
.o
 
o
.o
 
J.
O
 
0.
08
30
 
0.
01
 
10
 
75
.0
 
7
0
.0
 
o
.o
 
o
.o
 
J.
O
 
0
.0
8
)0
 
0.
01
 
T
ab
le
 A
5)
. 
C
o
st
 p
er
 h
ea
d 
v
a
ri
a
b
le
s 
1 
th
ro
u
g
h
 7
 p
as
tu
re
 f
in
is
h
in
g
 
L
ev
el
 
B
u
il
d
in
g
 
F
.q
ui
pm
en
t 
So
w
s 
B
oa
rs
 
R
ep
ai
rs
 
D
is
ea
se
 
P
ow
er
 
1 
0.
53
 
0.
59
 
o.
o 
o.
o 
0.
25
 
0.
06
 
0.
08
 
2 
0.
53
 
o.
47
 
o.
o 
o.
o 
0.
21
 
o.
06
 
0.
05
 
3 
0.
52
 
o.
45
 
o.
o 
o.
o 
0.
21
 
0.
06
 
o.
04
 
4 
0.
51
 
o.
49
 
o.
o 
o.
o 
0.
22
 
0.
05
 
o.
04
 
5 
0.
50
 
0,
47
 
o.
o 
o.
o 
0.
21
 
o.
04
 
0.
03
 
6 
o.
49
 
o.
44
 
o.
o 
0,
0 
0.
21
 
0.
03
 
O
.O
J 
7 
0.
50
 
o.
41
 
o.
o 
o.
o 
0.
18
 
0,
0J
 
O
.O
J 
8 
0.
50
 
0,
44
 
o.
o 
o.
o 
0.
15
 
0.
02
 
0.
03
 
9 
o.
47
 
o.
)8
 
o.
o 
o.
o 
0.
17
 
0.
02
 
0.
03
 
10
 
o.
47
 
0.
37
 
o.
o 
o.
o 
0.
16
 
0.
01
 
0.
02
 
T
ab
le
 A
54
, 
C
o
st
 p
e
r 
he
ad
 v
a
ri
a
b
le
s 
8 
th
ro
u
g
h
 1
4 
p
a
st
u
re
 f
in
is
h
in
g
 
N
 
0 °' 
L
ev
el
 
F
ee
d 
1 
F
ee
d 
2 
F
ee
d 
3 
W
as
te
 
L
a.
bo
r 
F
in
an
ce
 
D
ea
th
lo
ss
 
1 
7,
49
 
10
.5
3 
o.
o 
o.
o 
1.
07
 
1.
46
 
0.
22
 
2 
6,
95
 
9,
73
 
o.
o 
o.
o 
1.
07
 
1.
30
 
0.
20
 
J 
6,
95
 
9.
73
 
o.
o 
o.
o 
1.
07
 
1.
29
 
0,
20
 
4 
6,
95
 
9,
73
 
o.
o 
o.
o 
1.
07
 
1.
)2
 
0.
20
 
5 
6.
95
 
9,
73
 
o.
o 
o.
o 
1.
07
 
1.
27
 
0.
20
 
6 
6,
95
 
9.
73
 
o.
o 
o.
o 
1.
07
 
1.
24
 
0.
20
 
7 
6,
95
 
9,
73
 
o.
o 
o.
o 
1.
07
 
1.
22
 
0,
20
 
8 
6,
95
 
9
.7
) 
o.
o 
o.
o 
1.
07
 
1.
24
 
0.
20
 
9 
6.
95
 
9,
73
 
o.
o 
o.
o 
1.
07
 
1.
17
 
0.
20
 
10
 
6.
95
 
9.
73
 
o.
o 
o.
o 
1.
07
 
1.
16
 
0.
20
 
T
ab
le
 A
55
. 
In
p
u
t 
c
o
e
ff
ic
ie
n
ts
 v
a
ri
a
b
le
s 
1 
th
ro
ug
h 
7 
op
en
 
fr
o
n
te
d
 g
e
st
at
io
n
 
k 
xk
01
 
xk
02
 
xk
03
 
xk
04
 
xk
05
 
xk
06
 
xk
07
 
L
ev
el
 
B
ui
ld
in
g 
F
,q
ui
pm
en
t 
So
w
s 
B
oa
.rs
 
R
ep
ai
rs
 
D
is
ea
se
 
P
ow
er
 
1 
14
6.
6
0 
24
7.
81
 
11
.0
 
1
.5
 
11
1.
06
 
67
.2
0 
29
1
.7
6 
2 
25
7
.5
9 
48
0.
36
 
22
.0
 
2
.0
 
20
6.
68
 
12
1.
 72
 
55
7.
74
 
3 
30
4.
82
 
61
9
.1
5 
33
.0
 
2
.0
 
25
6.
87
 
17
6,
24
 
73
8
.6
2 
4 
52
8.
14
 
1,
11
1.
)4
 
55
,0
 
3.
5 
45
3.
98
 
27
6.
96
 
1,
27
9.
63
 
5 
1
, 0
46
. 0
8 
2,
1J
0
.8
0 
11
0.
0 
5.
5 
87
9
.8
6 
48
3,
24
 
2
,5
41
.2
5 
6 
1,
2J
1 
.0
6 
2,
49
3.
98
 
16
5.
0 
5.
0 
1,
 0
31
.5
7 
67
8.
52
 
2
,9
58
.9
4 
7 
1,
63
8.
01
 
3,
26
6.
86
 
22
0.
0 
6.
5 
1,
36
0.
75
 
85
3
.8
0 
3,
94
5.
26
 
8 
1,
89
6
.9
7 
3,
76
7,
)4
 
27
5.
0 
5.
5 
1,
57
4.
05
 
98
9
.0
8 
4,
60
9.
10
 
9 
2 
,2
66
.9
4 
4,
51
6,
29
 
33
0.
0 
6,
5 
1
,8
84
.7
2 
1,
12
4.
36
 
5,
42
0.
88
 
10
 
3,
04
).
84
 
6,
00
6,
90
 
44
0.
0 
9.
0 
2,
51
7.
94
 
1,
38
2.
24
 
7,
29
0.
84
 
T
ab
le
 A
56
. 
N
 
In
p
u
t 
c
o
e
ff
ic
ie
n
ts
 v
a
ri
a
b
le
s 
8 
th
ro
u
g
h
 1
4 
op
en
 f
ro
n
te
d
 g
e
st
a
ti
o
n
 
0 ~
 
k 
xk
08
 
xk
09
 
xk
10
 
xk
11
 
xk
12
 
xk
13
 
xk
14
 
L
ev
el
 
F
ee
d 
1 
F
ee
d 
2 
F
ee
d 
3 
W
as
te
 
L
ab
or
 
F
in
an
ac
e 
D
ea
th
lo
ss
 
1 
18
.2
6 
o.
o 
o.
o 
36
.9
3 
90
.0
 
5,
43
6.
57
 
2,
99
5.
90
 
2 
35
,2
1 
0,
0 
o.
o 
65
,2
8 
17
6.
0 
10
,3
36
,7
3 
5,
62
7.
43
 
3 
51
.5
2 
o.
o 
o.
o 
13
5,
37
 
25
8
.0
 
13
,8
99
.2
0 
7,
86
2
.1
2 
4 
86
,0
8 
o.
o 
o.
o 
19
1.
83
 
42
3.
0 
23
,1
94
.5
0 
13
,0
80
, 8
3 
5 
17
2.
15
 
o.
o 
o.
o 
51
0.
25
 
93
2.
0 
46
,2
65
.8
0 
25
,2
88
.5
0 
6 
25
2.
36
 
o.
o 
o.
o 
1,
30
7
,e
2 
1,
38
9.
0 
60
,4
42
.4
0 
35
,2
96
,8
8 
7 
33
6.
48
 
o.
o 
o.
o 
1,
65
8,
92
 
1
,8
52
.0
 
80
,0
93
,3
8 
46
,7
86
.7
9 
8 
41
6.
69
 
o.
o 
o.
o 
2
, 0
89
. J
4 
2
,3
16
.0
 
95
,)
48
.8
8 
54
,8
08
.0
5 
9 
49
9
.5
1 
o.
o 
o.
o 
J 
,2
00
.2
7 
2
,7
75
.0
 
11
4,
56
3.
88
 
66
,3
09
.5
0 
10
 
66
5
.1
4 
o.
o 
o.
o 
4
,2
3
J.
48
 
3,
 7
01
. 0
 
15
2,
 7
79
.6
2 
88
,2
28
.1
9 
T
ab
le
 A
57
. 
P
ri
ce
 c
o
ef
fi
ci
en
ts
 v
ar
ia
b
le
s 
1 
th
ro
ug
h 
7 
op
en
 
fr
o
n
t.e
d 
g
es
ta
ti
o
n
 
k 
pk
01
 
pk
02
 
pk
03
 
pk
04
 
pk
05
 
pk
06
 
pk
07
 
L
ev
el
 
B
ui
ld
in
g 
Ell
. u
i p
m
en
 t 
So
w
s 
B
oa
rs
 
R
ep
ai
rs
 
D
is
ea
se
 
Po
w
er
 
1 
1
.0
 
1.
00
00
 
-0
.7
3
 
9
3
.0
 
1
.0
 
1.
00
00
 
0.
21
69
 
2 
1
.0
 
1.
00
00
 
-0
.7
3
 
9
3
.0
 
1
.0
 
1.
00
00
 
0.
18
83
 
3 
1
.0
 
1.
00
00
 
-0
.7
3
 
9
3
.0
 
1
.0
 
1.
00
00
 
0.
18
17
 
4 
1
.0
 
0.
97
69
 
-0
.7
3
 
9
3
.0
 
0
.9
 
1.
00
00
 
0.
18
1
9 
5 
1
.0
 
0.
97
39
 
-0
.7
3
 
9
3
.0
 
0
.9
 
0.
97
45
 
0.
16
98
 
6 
1
.0
 
0.
93
33
 
-0
.7
3
 
9
).
0
 
o
.8
 
0.
97
27
 
0.
17
09
 
7 
1
.0
 
0.
93
24
 
-0
.7
3
 
9
3
.0
 
o
.a
 
0.
97
11
 
0.
1
66
8 
8 
1
.0
 
0.
93
33
 
-0
.7
3
 
9
3
.0
 
o
.8
 
0
.9
68
8 
0.
16
67
 
9 
1
.0
 
0.
93
26
 
-0
.7
3
 
9
).
0
 
o
.8
 
0.
96
71
 
0.
16
48
 
10
 
1
.0
 
0.
93
24
 
-0
.7
3
 
9
3
.0
 
o
.8
 
0.
96
43
 
0.
16
12
 
t\
) 
0 °' 
T
ab
le
 A
58
. 
P
ri
ce
 c
o
ef
fi
ci
en
ts
 v
ar
ia
b
le
s 
8 
th
ro
ug
h 
14
 o
pe
n 
fr
o
n
te
d
 g
es
ta
ti
o
n
 
k 
pk
08
 
Pk
09
 
PJ
C:
10
 
pk
11
 
pk
12
 
pk
13
 
pk
14
 
L
ev
el
 
Fe
ed
 1
 
Fe
ed
 2
 
Fe
ed
 
3 
W
as
te
 
L
ab
or
 
F
in
an
ce
 
D
ea
th
lo
ss
 
1 
8
0
.0
 
o
.o
 
o
.o
 
1.
00
00
 
3
.0
0
 
0.
08
47
 
0.
00
25
 
2 
8
0
.0
 
o
.o
 
o
.o
 
1.
00
00
 
3
.0
0
 
0.
08
47
 
0.
00
25
 
J 
8
0
.0
 
o
.o
 
o
.o
 
1.
00
00
 
3
.0
0
 
0.
08
47
 
0.
00
25
 
4 
8
0
.0
 
o
.o
 
o
.o
 
1.
00
00
 
3
.0
0
 
0.
08
30
 
0.
00
25
 
5 
7
5
.0
 
o
.o
 
o
.o
 
0.
96
90
 
3
.0
0
 
0.
08
30
 
o.
 0
02
5 
6 
7
5
.0
 
o
.o
 
o
.o
 
0.
98
79
 
J.O
O
 
0.
08
30
 
0.
00
25
 
7 
7
5
.0
 
o
.o
 
o
.o
 
0.
99
06
 
J.
O
O
 
0 0
08
)0
 
0.
00
25
 
8 
7
0
.0
 
o
.o
 
o
.o
 
0.
98
99
 
3
.0
0
 
0.
08
30
 
0.
00
25
 
9 
7
0
.0
 
o
.o
 
o
.o
 
0.
99
34
 
3
.0
0
 
0.
08
30
 
0.
00
25
 
10
 
7
0
.0
 
o
.o
 
o
.o
 
0.
99
25
 
J.O
O
 
0.
00
30
 
0.
00
25
 
T
ab
le
 A
59
. 
C
os
t 
p
er
 h
ea
d 
v
ar
ia
b
le
s 
1 
th
ro
ug
h 
7 
op
en
 f
ro
n
te
d
 g
e
st
a
ti
o
n
 
L
ev
el
 
B
u
il
d
in
g
 
E
l:l
u.
ip
m
en
t 
Se
w
s 
B
oa
rs
 
R
ep
ai
rs
 
D
is
ea
se
 
Po
w
er
 
1 
o.
47
 
0.
79
 
-0
.0
3 
o.
45
 
0.
36
 
0
.2
2
 
0.
20
 
2 
0.
39
 
0.
73
 
-0
.0
2
 
0.
28
 
0.
32
 
0.
19
 
0.
1
6 
3 
0.
30
 
0.
60
 
-0
.0
2 
0.
18
 
0.
25
 
0.
17
 
0.
13
 
4 
0.
31
 
o.
64
 
-0
.0
2 
0.
19
 
0.
24
 
0.
16
 
0.
14
 
5 
0.
31
 
0.
61
 
-0
.0
2 
0.
15
 
0.
23
 
0.
14
 
0.
13
 
6 
0.
23
 
o.
43
 
-0
.0
2 
0.
09
 
0.
15
 
0.
12
 
0.
09
 
7 
0.
22
 
o.
42
 
-0
.0
2 
0.
08
 
0.
15
 
0.
11
 
0.
09
 
8 
0.
20
 
0.
38
 
-0
.0
2 
0.
06
 
0.
14
 
0.
10
 
o.
oa
 
9 
0.
20
 
0.
38
 
-0
.0
2 
0.
05
 
e.
13
 
0.
10
 
o.
08
 
10
 
0.
20
 
0.
38
 
-0
.0
2 
0.
06
 
0.
14
 
0.
09
 
o.
08
 
T
ab
le
 A
60
. 
C
os
t 
p
er
 h
ea
d 
9
8
.r
ia
b
le
s 
8 
th
ro
u
g
h
 1
4 
op
en
 
fr
o
n
te
d
 g
e
st
a
ti
o
n
 
N
 ~ 
L
ev
el
 
F
ee
d 
1 
F
ee
d 
2 
F
ee
d 
3 
W
as
te
 
L
ab
or
 
F
in
an
ce
 
D
e&
th
lo
ss
 
1 
4.
68
 
o
.o
 
o
.o
 
0.
12
 
o.
87
 
1
.4
8 
0.
02
 
2 
4.
29
 
o
.o
 
o
.o
 
0.
10
 
0.
80
 
1
.)
4
 
0.
02
 
3 
J.
9
9
 
o
.o
 
o
.o
 
0.
13
 
0.
75
 
1.
14
 
0.
02
 
4 
4.
08
 
o
.o
 
o
.o
 
0.
11
 
0.
75
 
1.
14
 
0.
02
 
5 
3
.7
8 
o
.o
 
o
.o
 
0.
14
 
0.
82
 
1.
12
 
0.
02
 
6 
3.
49
 
o
.o
 
o
.o
 
0.
24
 
0.
77
 
0.
92
 
0.
02
 
7 
3
.4
6 
o
.o
 
o
.o
 
0.
23
 
0.
76
 
0.
91
 
0.
02
 
8 
3.
1
5 
o
.o
 
o
.o
 
0.
22
 
0.
75
 
o.
86
 
0.
01
 
9 
J.
11
 
o
.o
 
o
.o
 
0.
28
 
0.
74
 
o.
85
 
0.
01
 
10
 
3.
13
 
o
.o
 
o
.o
 
0.
28
 
0.
75
 
o.
85
 
0.
01
 
T
ab
le
 A
61
. 
In
p
u
t 
c
o
e
ff
ic
ie
n
ts
 v
a
ri
a
b
le
s 
1 
th
ro
ug
h 
7 
op
en
 f
ro
n
te
d
 f
ar
ro
w
in
g 
k 
xk
01
 
xk
02
 
xk
O
J 
xk
04
 
xk
05
 
Xk
06
 
xk
07
 
L
ev
el
 
B
ui
ld
in
g
 
E
qu
ip
m
en
t 
So
w
s 
Bo
ar
s 
Re
p
a
ir
s 
D
is
ea
se
 
Po
w
er
 
1 
35
3.
39
 
29
5
.1
2 
o.
o
 
o.
o 
1 8
3.
75
 
45
5.
83
 
76
5.
12
 
2 
61
3
.9
2 
55
2.
65
 
o.
o 
o.
o 
33
2.
31
 
91
2.
77
 
1
,4
21
.3
5 
3 
61
4.
56
 
55
4.
02
 
o.
o 
o.
o 
33
2.
53
 
1
,4
08
.6
2 
1,
42
4.
27
 
4 
90
5.
97
 
91
6 .
49
 
o.
o 
o.
o 
51
1.
11
 
2,
25
2.
86
 
2 
,1
92
.3
2 
5 
1
,8
01
.7
6 
1,
67
6.
38
 
o.
o 
o.
o 
98
4.
30
 
4
,5
22
.4
1 
4,
)8
4
.6
2 
6 
2,
87
6.
68
 
2,
59
6.
22
 
o.
o 
o
.o
 
1
,5
55
.0
2 
7
,1
59
.6
0 
7,
 0
12
.4
8 
7 
3
, 9
51
.6
3 
J,
3
59
.3
1 
o.
o 
o.
o
 
2
,0
84
.2
5 
9,
54
3.
38
 
9
,2
04
. 7
9 
8 
4
, 8
47
.4
0 
4,
28
7
. 0
5 
o.
o 
o.
o 
2 
,6
03
.1
8 
11
,8
93
.2
0 
U
 ,
8J
2.
65
 
9 
5,
65
3
,6
1 
5,
0)
4.
37
 
o.
o 
o.
o 
J,
0
48
.8
2 
14
,4
91
.1
3 
13
, 7
98
.1
8 
10
 
7 
,6
69
 .1
1 
6,
79
9.
33
 
o.
o
 
o.
o
 
4
,1
25
.9
0 
19
, 1
32
.2
2 
18
,7
05
.1
9 
N
 
T
ab
le
 A
62
. 
~
 
In
p
u
t 
c
o
e
ff
ic
ie
n
ts
 v
a
ri
a
b
le
s 
8 
th
ro
ug
h 
14
 o
pe
n 
fr
o
n
te
d 
fa
rr
o
w
in
g
 
0 
k 
xk
08
 
xk
09
 
xk
1
0 
xk
11
 
xk
12
 
X
k1
J 
X
k1
4 
L
ev
el
 
Fe
ed
 1
 
F
ee
d 
2 
F
ee
d 
3 
W
as
te
 
L
ab
or
 
F
in
an
ce
 
De
a
th
lo
ss
 
1 
15
.1
2 
2.
1
8 
4
. 9
9 
44
-. 
98
 
31
0.
0 
7,
33
0.
82
 
5,
41
2,
63
 
2 
31
,7
5 
4
.5
9 
10
.5
0 
80
.0
7 
65
1
.0
 
13
, 7
72
 .3
1 
1o
,8
67
. 0
9 
3 
49
,9
0 
7.
22
 
16
.5
1 
10
6
.3
1 
1
, 0
19
. 0
 
16
, 0
04
.4
1 
15
,5
09
.9
7 
4 
81
.6
5 
11
.8
0 
26
,9
8 
14
8
. 6
1 
1,
60
0
,0
 
24
,7
19
.7
8 
24
,6
82
.7
5 
5 
16
5,
 5
6 
23
.9
0 
54
.6
2 
36
0,
52
 
3,
 1
48
. 0
 
46
,8
27
.9
2 
48
,5
42
.2
8 
6 
26
3.
09
 
37
.9
7 
86
,7
8 
87
2
,7
0 
4,
99
7
.0
 
72
,8
56
.8
1 
74
,4
03
,8
1 
7 
35
4
.5
6 
51
.1
1 
11
6.
83
 
1,
12
7,
20
 
6,
52
6.
 0
 
97
,5
48
.1
2 
99
,2
90
,9
4 
8 
44
9.
06
 
f;A
,7
6 
14
8,
03
 
1,
43
3,
80
 
8,
26
0.
 0
 
11
8
,2
63
,6
9 
11
6,
88
5
.5
0 
9 
54
4.
32
 
78
.6
2 
17
9.
 71
 
2
,0
47
.7
4 
9
,2
36
,0
 
13
9
,4
56
.3
8 
13
8,
83
2,
75
 
10
 
72
1.
22
 
10
4,
2
0 
23
8.
1
8 
2,
72
7
,5
5 
11
, 7
86
 .
o 
18
6
,3
98
,1
9 
18
3,
 10
9 
I 
88
 
T
ab
le
 A
6J
. 
P
ri
ce
 c
o
ef
fi
ci
en
ts
 v
ar
ia
b
le
s 
1 
th
ro
ug
h 
7 
op
en
 f
ro
n
te
d
 f
ar
ro
w
in
g
 
k 
Pk
ot
 
pk
02
 
Pk
 O
J 
Pk
04
 
pk
05
 
pk
06
 
PJ
co
7 
L
ev
el
 
B
ui
ld
in
g 
F.
qu
ip
m
en
t 
So
w
s 
B
oa
rs
 
R
ep
ai
rs
 
D
is
ea
se
 
Po
w
er
 
1 
1
.0
 
1.
00
00
 
o
.o
 
o
.o
 
1
.0
 
1
.0
00
0 
0.
23
64
 
2 
1
.0
 
1.
00
00
 
o
.o
 
o
.o
 
1
.0
 
1
.0
0
00
 
0.
22
60
 
J 
1
.0
 
1.
00
00
 
o
.o
 
o
.o
 
1
.0
 
1.
00
00
 
0.
22
76
 
4 
1
.0
 
0.
95
46
 
o
.o
 
o
.o
 
0
.9
 
1.
00
00
 
0.
22
98
 
5 
1
.0
 
o.
 8
52
0 
o
.o
 
o
.o
 
0
.9
 
0.
89
80
 
0.
22
27
 
6 
1
.0
 
o.
84
71
 
o
.o
 
o
.o
 
0
.8
 
0.
89
76
 
0.
21
97
 
7 
1
.0
 
o
.8
4
5
5
 
o
.o
 
o
.o
 
o.
8 
0.
89
65
 
0.
21
81
 
8 
1
.0
 
o.
84
41
 
o
.o
 
o
.o
 
o
.8
 
0.
89
92
 
0.
21
73
 
9 
1
.0
 
o.
84
51
 
o
.o
 
o
.o
 
o
.8
 
0.
89
53
 
0.
21
66
 
10
 
1
.0
 
o.
84
42
 
o
.o
 
o
.o
 
o
.8
 
0.
89
52
 
0.
21
53
 
N
 
.....
.. 
.....
.. 
T
ab
le
 A
64
. 
P
ri
ce
 c
o
e
ff
ic
ie
n
ts
 v
ar
ia
b
le
s 
8 
th
ro
ug
h 
14
 o
pe
n 
fr
o
n
te
d
 f
ar
ro
w
in
g 
k 
Pk
08
 
Pk
09
 
P
kt
 0
 
Pk
11
 
Pk
12
 
P
k
t)
 
Pk
14
 
L
ev
el
 
Fe
ed
 1
 
F
ee
d 
2 
Fe
ed
 
3 
W
as
te
 
L
ab
or
 
Fi
na
nc
e 
D
ea
th
lo
ss
 
1 
9
0
.0
 
1
5
5
.0
 
13
0
.0
 
1.
00
00
 
J.O
O
 
0.
08
47
 
0.
00
25
 
2 
9
0
.0
 
1
5
5
.0
 
1
)0
.0
 
1.
00
00
 
).O
O
 
0.
08
47
 
0
.0
0
2
5
 
J 
9
0
.0
 
1
5
5
.0
 
1
3
0
.0
 
1
.0
00
0 
3
.0
0
 
0.
08
47
 
0.
00
25
 
4 
9
0
.0
 
1
5
5
.0
 
1
3
0
.0
 
1
.0
0
00
 
J.
O
O
 
0
.0
8
)0
 
0.
00
25
 
5 
9
0
.0
 
1
5
5
.0
 
1
3
0
.0
 
0.
97
80
 
J.
O
O
 
0
.0
8
)0
 
0
.0
0
2
5
 
6 
8
0
.0
 
1
5
5
.0
 
1
3
0
.0
 
0.
99
09
 
3
.0
0
 
0
.0
8
)0
 
0
.0
0
2
5
 
7 
80
.0
 
1
5
5
.0
 
1
)0
.0
 
0.
99
29
 
J.
O
O
 
0
.0
8
)0
 
0
.0
0
2
5
 
8 
7
0
.0
 
1
3
5
.0
 
11
4
.o
 
0.
99
26
 
J.
O
O
 
0.
08
30
 
0.
00
25
 
9 
7
0
.0
 
1
)5
.0
 
1
1
4
.o
 
0.
99
48
 
J.
O
O
 
0
.0
8
)0
 
0
.0
0
2
5
 
10
 
7
0
.0
 
1
3
5
.0
 
1
1
4
.o
 
0.
99
42
 
J.
O
O
 
0.
08
30
 
0
.0
0
2
5
 
T
ab
le
 
A6
5.
 
C
os
t 
p
er
 h
ea
d 
v
a
ri
a
b
le
s 
1 
th
ro
ug
h 
? 
op
en
 
fr
o
n
te
d
 
fa
rr
o
w
in
g
 
L
ev
el
 
Bu
il
d
in
g 
F
.q
ui
pm
en
t 
So
w
s 
Bo
a.
rs
 
R
ep
ai
rs
 
D
is
ea
se
 
P
ow
er
 
1 
1.
13
 
0.
95
 
o.
o 
o.
o 
0.
59
 
1
.4
6 
0.
58
 
2 
0.
94
 
o.
84
 
o.
o 
o.
o 
0.
51
 
1 •
 .3
9 
o.
49
 
J 
0.
60
 
0.
54
 
o
.o
 
o.
o 
0.
32
 
1.
36
 
o.
 31
 
4 
o.
,5
4 
0.
52
 
o.
o 
o.
o 
0.
27
 
1
.)
4
 
0.
30
 
5 
0.
53
 
o.
42
 
o
.o
 
o.
o 
0.
2
6 
1.
19
 
0.
29
 
6 
0.
53
 
o.
41
 
o
.o
 
o.
o 
0.
23
 
1.
18
 
0.
28
 
7 
o •
 .54
 
0.
39
 
o.
o 
o.
o 
0.
23
 
1.
17
 
0.
2
7 
8 
0.
52
 
0.
39
 
o.
o 
o
.o
 
0.
23
 
1.
1
6 
0.
28
 
9 
0.
50
 
0.
38
 
o.
o 
o.
o 
0.
22
 
1.
16
 
0.
27
 
10
 
0.
52
 
0.
39
 
o
.o
 
o.
o 
0.
22
 
1.
15
 
0.
27
 
T
ab
le
 A
66
. 
C
o
st
 p
er
 h
ea
d 
v
a
ri
a
b
le
s 
8 
th
ro
u
g
h
 1
4 
op
en
 f
ro
n
te
d
 f
ar
ro
w
in
g 
N
 
.....
.. 
N
 
L
ev
el
 
F
ee
d 
1 
F
ee
d 
2 
F
ee
d 
J 
W
as
te
 
la
b
o
r 
Fi
n
an
ce
 
D
ea
th
le
ss
 
1 
4.
J6
 
1
.0
8 
2
. 0
8 
0.
14
 
2.
98
 
1.
99
 
o.
04
 
2 
4.
36
 
1.
08
 
2.
08
 
0.
12
 
2.
98
 
1
.7
8 
o.
04
 
J 
4.
35
 
1.
08
 
2.
08
 
0.
10
 
2
.9
6 
1.
31
 
o.
04
 
4 
4.
36
 
1
.0
8 
2
.0
8 
0.
09
 
2.
85
 
1
.2
2 
o.
04
 
5 
4
.)
6
 
1.
09
 
2
.0
8 
0.
10
 
2.
77
 
1
.1
4
 
o.
04
 
6 
J.
8
8
 
1
.0
9 
2
.0
8 
0.
16
 
2
.7
6 
1.
11
 
O
.O
J 
7 
J.
88
 
1
.0
8 
2
,0
8 
0.
15
 
2
.6
8 
1.
11
 
0.
03
 
8 
J.
40
 
0.
94
 
1
.8
2 
0.
1
5 
2
.6
8 
1
.0
6 
0.
03
 
9 
J.
39
 
0.
94
 
1
.8
2 
0.
18
 
2.
47
 
1
.0
J 
O.
O
J 
10
 
3 .
39
 
0.
94
 
1
.8
2 
0.
18
 
2
.3
8 
1.
04
 
O
.O
J 
T
ab
le
 A
67
. 
In
p
u
t 
c
o
e
ff
ic
ie
n
ts
 v
a
ri
a
b
le
s 
1 
th
ro
u
g
h
 7
 o
pe
n 
:f
ro
n
te
d
 g
ro
w
in
g 
k 
Xk
01
 
X
k0
2 
X
k0
3 
X
k0
4 
Xk
05
 
X
k0
6 
Xk
07
 
L
ev
el
 
B
u
il
d
in
g
 
E
qu
ip
m
en
t 
S
ow
s 
Bo
ar
s 
R
ep
ai
rs
 
Di
se
as
e 
Po
w
e
r 
1 
87
.9
0 
10
0.
38
 
o.
o 
o.
o 
53
.7
1 
71
.3
7 
16
1.
 75
 
2 
15
2.
70
 
16
2
.9
6 
o.
o 
o.
o 
88
.7
0 
14
6.
99
 
23
5.
23
 
3 
23
6.
02
 
43
6.
95
 
o.
o 
o.
o 
17
6.
96
 
1
,5
65
.2
0 
47
6
.5
2 
4 
32
6.
36
 
69
2.
 0
1 
o.
o 
o.
o 
25
7,
55
 
2,
50
5.
96
 
63
2.
50
 
5 
65
6.
32
 
1,
21
0.
50
 
o.
o
 
o.
o 
47
7.
91
 
5,
03
0.
42
 
1,
26
5.
 0
2 
6 
1
,0
J6
.6
8 
1
,8
01
.8
4 
o.
o 
o.
o 
71
9.
02
 
7,
88
9
.5
4 
1,
 90
7
. O
J 
7 
1,
36
9
,6
4 
2,
49
5.
48
 
o.
o 
o.
o 
99
0.
18
 
1o
,6
20
.9
3 
2,
75
8.
J8
 
8 
1
,7
24
.8
0 
J,
20
2
. 7
1 
o.
o 
o.
o 
1,
27
2
.2
2 
13
,2
96
.0
6 
3,
77
2.
05
 
9 
2
, 1
02
 .1
6 
3
,7
)4
.8
4 
o.
o 
o.
o 
1,
50
4.
37
 
16
, 0
28
.4
4 
4,
28
5
.6
2 
10
 
2,
76
8
.0
7 
4
,7
07
.4
9 
o.
o 
o.
o 
1
,9
1)
.5
8
 
21
,0
70
.9
2 
5,
1
59
.5
7 
I\
) 
T
ab
le
 A
68
. 
In
p
u
t 
co
e
ff
ic
ie
n
ts
 v
a
ri
a
b
le
s 
8 
th
ro
ug
h 
14
 o
pe
n 
fr
o
n
te
d
 
gr
ow
in
g 
.....
 
\.
,.
) 
k 
X
k0
8 
X
k0
9 
X
k1
0 
X
Jd
l 
X
k1
2 
X
Jt
lJ
 
X
k1
4 
L
ev
el
 
F
ee
d 
1 
F
ee
d 
2 
F
ee
d 
J 
W
as
te
 
L
ab
or
 
F
in
a.
ne
e 
D e
a
th
lo
ss
 
1 
32
.6
7 
o
.o
 
o.
o 
25
.2
3 
51
. 0
 
3,
 0
01
.1
3 
3
,3
66
,7
4 
2 
68
.8
8 
o
.o
 
o.
o 
44
.0
3 
92
.0
 
5,
57
2.
71
 
6,
85
4
.0
6 
3 
1 0
8.
36
 
o.
o 
o.
o 
96
,4
2 
27
8,
0 
10
,5
13
,)
4
 
12
,4
59
.0
9 
4 
17
7.
03
 
o.
o 
o.
o 
12
4,
 0
2 
43
3,
0 
16
, 0
08
.5
2 
19
,8
97
,5
8 
5 
35
8.
47
 
o.
o 
o.
o 
)4
6.
99
 
89
2.
0 
31
,0
95
.7
7 
39
,8
22
.6
4 
6 
56
9
.5
2 
o.
o 
o.
o 
1
,0
05
,0
9 
1,
42
2.
 0
 
47
,6
42
.0
5 
63
,1
25
.8
2 
7 
76
6.
 7
1 
o.
o 
o
.o
 
1
,3
00
.1
4 
1
, 9
56
. 0
 
64
,8
06
,3
0 
85
,1
91
.8
8 
8 
96
1
.7
5 
o.
o 
o.
o 
1,
63
9.
68
 
2,
49
1.
0 
82
,2
44
.5
0 
10
7
' 1
78
. 7
5 
9 
1
, 1
67
. 5
7 
o.
o 
o
.o
 
2,
48
5.
63
 
2,
93
9.
0 
98
,7
40
.7
5 
12
9
,9
21
.4
4 
10
 
1,
54
7.
40
 
o.
o 
o.
o 
3,
27
9
,6
6 
3
,8
31
.0
 
12
8,
26
9.
44
 
17
1,
 1
60
.6
2 
T
ab
le
 A
69
. 
P
ri
ce
 c
o
ef
fi
ci
en
ts
 v
ar
ia
b
le
s 
1 
th
ro
ug
h 
7 
op
en
 f
ro
n
te
d
 g
ro
w
in
g 
k 
pk
01
 
pk
02
 
pk
03
 
pk
04
 
pk
05
 
pk
06
 
P
k0
7 
L
ev
el
 
Bu
il
d
in
g 
E>
:l u
i p
m
 en
 t 
S
ow
s 
B
oa
rs
 
R
ep
ai
rs
 
D
is
ea
se
 
Po
w
er
 
1 
1
.0
 
1.
00
00
 
o
.o
 
o
.o
 
1
.0
 
1.
00
00
 
0.
21
01
 
2 
1
.0
 
1.
00
00
 
o
.o
 
o
.o
 
1
.0
 
1.
00
00
 
0.
19
59
 
J 
1
.0
 
1.
00
00
 
o
.o
 
o
.o
 
1
.0
 
1.
00
00
 
0.
20
05
 
4 
1
.0
 
0.
96
43
 
o
.o
 
o
.o
 
0
.9
 
1.
00
00
 
0.
21
69
 
5 
1
.0
 
0.
94
50
 
o
.o
 
o
.o
 
0
.9
 
0.
96
85
 
0.
19
21
 
6 
1
.0
 
0.
88
75
 
o
.o
 
o
.o
 
o
.8
 
0.
96
80
 
0.
18
37
 
7 
1
.0
 
0.
89
27
 
o
.o
 
o
.o
 
o
.8
 
0.
96
80
 
0.
17
51
 
8 
1
.0
 
0.
89
62
 
o
.o
 
o
.o
 
o
.8
 
0.
96
77
 
0.
17
10
 
9 
1
.0
 
0.
89
28
 
o
.o
 
o
.o
 
o
.8
 
0
.9
67
4 
0.
1
69
3 
10
 
1
.0
 
0.
88
61
 
o
.o
 
o
.o
 
o
.8
 
0
.9
67
2 
0.
16
68
 
N
 
.....
.. +=
-
T
ab
le
 A
70
. 
P
ri
ce
 c
o
ef
fi
ci
en
ts
 v
ar
ia
b
le
s 
8 
th
ro
ug
h 
14
 o
pe
n 
fr
o
n
te
d
 g
ro
w
in
g 
k 
Pk
08
 
Pk
09
 
Pk
1o
 
P
k1
1 
P
kt
2 
Pk
1J
 
Pk
14
 
L
ev
el
 
Fe
ed
 1
 
Fe
ed
 2
 
Fe
ed
 
3 
W
as
te
 
L
ab
or
 
F
in
an
ce
 
D
ea
th
le
ss
 
1 
8
0
.0
 
o
.o
 
o
.o
 
1.
00
00
 
J.
O
O
 
0.
08
47
 
0.
05
00
 
2 
8
0
.0
 
o
.o
 
o
.o
 
1.
00
00
 
3
.0
0
 
0.
08
47
 
0.
05
00
 
3 
7
5
.0
 
o
.o
 
o
.o
 
1.
00
00
 
3
.0
0
 
o.
08
47
 
0.
05
00
 
4 
7
5
.0
 
o
.o
 
o
.o
 
1.
00
00
 
3
.0
0
 
0.
08
30
 
0.
05
00
 
5 
7
5
.0
 
o
.o
 
o
.o
 
0.
96
58
 
3
.0
0
 
o.
08
30
 
0.
05
00
 
6 
7
5
.0
 
o
.o
 
o
.o
 
0.
98
81
 
3
.0
0
 
0.
08
30
 
0.
05
00
 
7 
7
5
.0
 
o
.o
 
o
.o
 
0.
99
08
 
3
.0
0
 
0.
08
30
 
0
.0
5
0
0
 
8 
7
5
.0
 
o
.o
 
o
.o
 
0.
99
03
 
3
.0
0
 
0.
08
30
 
0.
05
00
 
9 
7
5
.0
 
o
.o
 
o
.o
 
0.
99
36
 
3
.0
0
 
0
.0
8
)0
 
0.
05
00
 
10
 
7
5
.0
 
o
.o
 
o
.o
 
0.
99
27
 
J.O
O
 
0.
08
30
 
0.
05
00
 
T
ab
le
 A
 71
. 
C
os
t 
pe
r 
he
ad
 
v
a
ri
a
b
le
s 
1 
th
ro
u
g
h
 7
 o
pe
n 
fr
o
n
te
d
 g
ro
w
in
g 
Le
v
e
l 
B
u
il
d
in
g 
E
qu
ip
m
en
t 
S
ow
s 
B
oa
rs
 
R
ep
ai
rs
 
D
is
ea
se
 
P
ow
er
 
1 
0.
28
 
0.
32
 
o.
o 
o.
o 
0.
17
 
0.
23
 
0.
10
 
2 
0.
23
 
0.
25
 
o.
o 
o.
o 
0.
14
 
0.
22
 
0.
07
 
3 
0.
23
 
o.
42
 
o.
o 
o.
o 
0.
1
7 
1
.5
2 
0.
09
 
4 
0.
1
9 
o.
4o
 
o.
o 
o.
o 
0.
1
4 
1
.4
9 
0.
08
 
5 
0.
1
9 
o.
34
 
o.
o 
o.
o 
0.
1
3 
1.
43
 
0.
07
 
6 
0.
1
9 
0.
29
 
o.
o 
o.
o 
0.
11
 
1.
41
 
0.
06
 
7 
0.
1
9 
0.
31
 
o.
o 
o.
o 
0.
11
 
t.
4
1
 
0.
07
 
8 
0.
19
 
0.
31
 
o.
o 
o.
o 
0.
11
 
1
.3
9 
0.
07
 
9 
0.
19
 
0.
30
 
o.
o 
o.
o 
0.
11
 
1
.3
8 
0.
06
 
10
 
0.
1
9 
0.
28
 
o.
o 
o.
o 
0.
10
 
1
.3
7 
0.
06
 
N
 .....
 
T
ab
le
 A
 72
 • 
C
o
st
 p
e
r 
he
ad
 v
ar
ia
b
le
s 
8 
th
ro
u
g
h
 1
4 
op
en
 
fr
o
n
te
d
 g
ro
w
in
g 
\..
J\
 
L
ev
el
 
F
ee
d 
1 
F
ee
d 
2 
Fe
ed
 3
 
W
as
te
 
L
ab
or
 
F
in
an
ce
 
D
ea
th
le
ss
 
1 
8.
40
 
o.
o 
o.
o 
0.
08
 
o.
49
 
0.
82
 
o •
 .54
 
2 
8
.4
0 
o.
o 
o.
o 
0.
07
 
o.
42
 
0.
72
 
0.
52
 
3 
7
.8
8 
o.
o 
o .
o
 
0.
09
 
0.
81
 
o.
86
 
0.
60
 
4 
7.
88
 
o.
o 
o
.o
 
0.
07
 
0.
77
 
0.
79
 
0.
59
 
5 
7.
88
 
o.
o 
o.
o 
0.
1
0 
0.
78
 
0.
76
 
0.
58
 
6 
7
. 8
8 
o.
o 
o
.o
 
0.
1
8 
0.
79
 
0.
73
 
0.
58
 
7 
7.
88
 
o.
o 
o.
o 
0.
1
8 
0.
80
 
0.
74
 
0.
58
 
8 
7.
80
 
o.
o 
o.
o 
0.
18
 
0.
81
 
0.
74
 
0.
58
 
9 
?.
B
o 
o.
o 
o.
o 
0.
22
 
0.
78
 
0.
73
 
0.
58
 
10
 
7.
80
 
o.
o 
o.
o 
0.
22
 
0.
77
 
0.
72
 
0.
57
 
T
ab
le
 A
73
. 
In
pu
t 
co
ef
fi
ci
en
ts
 v
ar
ia
b
le
s 
1 
th
ro
ug
h 
7 
op
en
 f
ro
n
te
d
 f
in
is
h
in
g
 
k 
xk
01
 
xk
02
 
xk
03
 
xk
04
 
xk
05
 
xk
06
 
xk
07
 
L
ev
el
 
B
ui
ld
in
g 
E
qu
ip
m
en
t 
So
w
s 
B
oa
rs
 
R
ep
ai
rs
 
D
is
ea
se
 
Po
w
er
 
1 
87
.9
0 
10
0.
38
 
o.
o 
o.
o 
53
.7
1 
8
J.
6
4
 
16
1.
 75
 
2 
15
2.
70
 
16
2.
96
 
o.
o 
o.
o 
88
.7
0 
13
0.
84
 
23
5
.2
3 
3 
30
7.
52
 
32
7.
17
 
o.
o 
o.
o 
17
7.
62
 
17
9.
64
 
47
3.
48
 
4 
53
3.
54
 
55
9.
94
 
o.
o 
o.
o 
29
6.
25
 
1,
09
2.
 0
6 
67
1.
43
 
5 
1
,0
5
1
.4
8 
85
5.
44
 
o.
o 
o.
o 
52
0.
 7
6 
2,
16
7.
46
 
1
,)
4
2
.8
6 
6 
1
,7
1
7
.3
9 
1,
22
1.
89
 
o.
o 
o.
o 
80
4.
25
 
3
,)
4
1
. 0
0 
1,
77
4.
73
 
7 
2,
30
9.
33
 
1
, 7
31
.8
0 
o.
o 
o.
o 
1,
10
9.
44
 
4,
49
7.
48
 
2,
48
5.
63
 
8 
2,
90
1.
25
 
2,
17
5.
60
 
o.
o 
o.
o 
1,
40
5.
68
 
5,
60
7.
24
 
3,
65
6.
39
 
9 
3,
49
3.
18
 
2,
63
9.
21
 
o.
o 
o.
o 
1,
69
2.
92
 
6,
72
4.
20
 
4
, 3
07
.1
6 
10
 
4
,6
03
.0
5 
J,
33
3.
69
 
o.
o 
o.
o 
2 
,1
84
.8
9 
8,
70
0.
06
 
5,
 1
09
.3
7 
N
 .....
 
T
ab
le
 A
74
. 
In
pu
t 
co
ef
fi
ci
en
ts
 v
ar
ia
b
le
s 
8 
th
ro
ug
h 
14
 o
pe
n 
fr
o
n
te
d
 f
in
is
h
in
g
 
°' 
k 
xk
08
 
xk
09
 
~1
0 
xk
11
 
xk
12
 
xk
13
 
xk
14
 
L
ev
el
 
Fe
ed
 1
 
Fe
ed
 2
 
Fe
ed
 
3 
W
as
te
 
L
ab
or
 
F
in
an
ce
 
D
ea
th
le
ss
 
1 
26
.2
1 
39
.6
4 
o.
o 
36
.6
6 
62
.0
 
5,
82
7.
 04
 
6,
17
9
.9
5 
2 
55
.1
0 
83
.3
4 
o.
o 
58
.3
1 
11
7.
0 
10
,7
69
.0
7 
12
,6
07
.9
1 
3 
86
.6
9 
13
1.
12
 
o.
o 
18
4.
53
 
17
2.
 0
 
13
,8
29
.8
6 
19
,2
95
.4
2 
4 
14
1.
62
 
21
4.
21
 
o.
o 
22
4.
07
 
23
9.
0 
22
,3
99
.4
8 
30
,9
93
,8
3 
5 
28
6.
78
 
43
3.
75
 
0
,0
 
70
9.
67
 
66
5,
0 
4
3
,)
9
1
. 0
7 
62
,8
51
.7
9 
6 
45
5.
62
 
68
9,
12
 
o.
o 
2,
16
4.
32
 
1,
01
2 
.o
 
68
,0
27
.8
8 
10
0,
24
3.
50
 
7 
61
3.
37
 
92
7,
72
 
0
,0
 
2,
79
5
.6
6 
1
,3
8
4
,0
 
92
,2
09
.0
0 
13
5,
05
7,
62
 
8 
76
9
.4
0 
1,
16
3.
72
 
o.
o 
3 
• .
54
7.
45
 
1
,8
5
3
.0
 
11
6,
45
2
,2
5 
16
9,
93
5,
12
 
9 
93
9,
 06
 
1,
41
2.
75
 
o.
o 
5,
49
2.
77
 
2 
,2
31
. 0
 
14
1,
57
7.
81
 
20
7,
66
0,
44
 
10
 
1
,2
37
.9
2 
1,
87
2.
35
 
0
,0
 
7,
23
8.
42
 
2
,8
7
8
,0
 
18
5,
39
3,
69
 
27
3,
68
2,
62
 
T
a'
bl
e 
A
75
. 
P
ri
ce
 
co
ef
fi
ci
en
ts
 v
ar
ia
b
le
s 
1 
th
ro
ug
h 
7 
op
en
 
fr
o
n
te
d
 f
in
is
h
in
g
 
k 
pk
01
 
pk
02
 
Pk
03
 
Pk
o4
 
pk
05
 
pk
06
 
1
\0
7
 
L
ev
el
 
B
u
il
d
in
g 
F.
qu
ip
m
en
t 
So
w
s 
Bo
ar
s 
R
ep
ai
rs
 
D
is
ea
se
 
Po
w
er
 
1 
1
.0
 
1.
00
00
 
o
.o
 
o
.o
 
1
.0
 
1
.0
0
0
0
 
0.
21
01
 
2 
1
.0
 
1
.0
0
0
0
 
o
.o
 
o
.o
 
1
.0
 
1.
00
00
 
0.
19
59
 
J 
1
.0
 
1.
00
00
 
o
.o
 
o
.o
 
1
.0
 
1.
00
00
 
0.
20
08
 
4 
1
.0
 
0.
96
83
 
o
.o
 
o
.o
 
0
.9
 
1
.0
0
0
0
 
0.
21
29
 
5 
1
.0
 
0,
95
87
 
o
.o
 
o
.o
 
0
.9
 
0.
97
24
 
0.
18
95
 
6 
1
.0
 
0.
88
17
 
o
.o
 
o
.o
 
0
.8
 
0.
97
15
 
0.
18
64
 
7 
1
.0
 
0,
88
50
 
o
.o
 
o
.o
 
o
.8
 
0.
97
15
 
0.
17
81
 
8 
1
.0
 
0.
89
00
 
o
.o
 
o
.o
 
o
.8
 
0.
97
11
 
0.
17
17
 
9 
1
.0
 
0.
88
50
 
o
.o
 
o
.o
 
o
.8
 
0.
97
07
 
0.
16
92
 
10
 
1
.0
 
0.
87
79
 
o
.o
 
o
.o
 
o
.8
 
0.
97
00
 
0.
16
70
 
N
 
.....
. 
"'-
...
) 
T
ab
le
 A
76
. 
P
ri
ce
 c
o
e
ff
ic
ie
n
ts
 v
ar
ia
b
le
s 
8 
th
ro
u
g
h
 1
4 
op
en
 
fr
o
n
te
d
 f
in
is
h
in
g
 
k 
Pi
co
8 
Pk
09
 
pk
10
 
pk
11
 
pk
12
 
Pk
13
 
P
k
t4
 
L
ev
el
 
F
ee
d 
1 
Fe
ed
 2
 
Fe
ed
 
3 
W
as
te
 
L
ab
or
 
F
in
an
ce
 
D
ea
th
lo
ss
 
1 
8
0
.0
 
75
.0
 
o
.o
 
1
.0
0
0
0
 
3
.0
0
 
0.
08
47
 
0.
02
 
2 
8
0
.0
 
75
.0
 
o
.o
 
1
.0
0
0
0
 
).
0
0
 
0.
08
47
 
0.
02
 
3 
75
.0
 
75
.0
 
o
.o
 
1.
00
00
 
3
.0
0
 
0.
08
47
 
0.
02
 
4 
7
5
.0
 
7
0
.0
 
o
.o
 
1
.0
0
0
0
 
J.
O
O
 
0
.0
8
)0
 
0.
02
 
5 
75
.0
 
7
0
.0
 
o
.o
 
0.
96
09
 
3
.0
0
 
o.
08
JO
 
0
.0
2
 
6 
75
.0
 
7
0
.0
 
o
.o
 
0.
98
72
 
J.
O
O
 
0.
08
30
 
0.
02
 
7 
7
5
.0
 
7
0
.0
 
o
.o
 
0.
99
00
 
3
.0
0
 
0.
08
30
 
0.
02
 
8 
75
.0
 
7
0
.0
 
o
.o
 
0.
98
95
 
3
,0
0
 
0.
08
30
 
0.
02
 
9 
75
.0
 
7
0
.0
 
o
.o
 
0.
99
32
 
3
.0
0
 
0,
08
30
 
0.
02
 
10
 
7
5
.0
 
7
0
.0
 
o.
o 
0.
99
32
 
3
.0
0
 
0.
08
30
 
0.
02
 
T
ab
le
 A
77
. 
C
o
st
 p
er
 h
ea
d 
v
a
ri
a
b
le
s 
1 
th
ro
u
g
h
 7
 o
pe
n 
fr
o
n
te
d
 f
in
is
h
in
g 
L
ev
el
 
Bu
il
d
in
g
 
~
u
i
pm
en
t 
S
ow
s 
Bo
ar
s 
R
ep
ai
rs
 
D
is
ea
se
 
P
ow
er
 
1 
0.
28
 
O
.J
2 
o.
o 
o.
o 
0.
17
 
0.
27
 
0.
11
 
2 
0.
23
 
0.
25
 
o.
o 
o.
o 
0.
14
 
0.
20
 
o.
07
 
J 
O
.JO
 
0.
)2
 
o.
o 
o.
o 
0.
1
7 
0.
17
 
0.
09
 
4 
0.
32
 
0.
32
 
o.
o 
o.
o 
0.
16
 
0.
65
 
o.
oa
 
5 
o.
 31
 
0.
24
 
o.
o 
o.
o 
0.
14
 
0.
62
 
0.
07
 
6 
0.
32
 
0.
20
 
o.
o 
o.
o 
0.
1
2 
0.
60
 
0.
06
 
7 
0,
32
 
0.
21
 
o.
o 
o.
o 
0.
12
 
0.
60
 
0.
06
 
8 
O.
J1
 
0.
21
 
o.
o 
o.
o 
0.
12
 
0.
59
 
0.
07
 
9 
O
.J
l 
0.
21
 
o.
o 
o.
o 
0.
12
 
0.
58
 
o.
06
 
10
 
0.
31
 
0.
20
 
o.
o 
o .
o
 
0.
12
 
0.
57
 
0.
06
 
Ta
b
le
 A
78
. 
C
o
st
 p
er
 h
ea
d 
v
a
ri
a
b
le
s 
8 
th
.r
ou
gh
 1
4 
op
en
 f
ro
n
te
d
 
fi
n
is
h
in
g 
N
 .....
 
CX
l 
L
ev
el
 
F
ee
d 
1 
F
ee
d 
2 
Fe
ed
 J
 
W
as
te
 
la
b
o
r 
F
in
an
ce
 
D
ea
th
lo
ss
 
1 
6.
72
 
9
.5
J 
o.
o 
0.
12
 
0.
60
 
1.
58
 
0,
40
 
2 
6.
72
 
9.
 5
J 
o.
o 
0.
09
 
0.
54
 
1
.3
9 
0
.)
8
 
3 
6.
30
 
9
.5
J 
o.
o 
0.
1
8 
0.
5
0 
1.
14
 
0,
J?
. 
4 
6.
30
 
8,
89
 
o.
o 
0.
13
 
o.
43
 
1.
10
 
0.
37
 
5 
6.
JO
 
8.
89
 
o.
o 
0.
20
 
0.
58
 
1.
05
 
0.
37
 
6 
6.
JO
 
8
.8
9 
o.
o 
0.
39
 
0.
56
 
1.
04
 
O.
J7
 
7 
6,
JO
 
8.
89
 
0,
0 
o
.)
8
 
0.
57
 
1.
05
 
O
.J
7 
8 
6.
24
 
8.
80
 
o.
o 
O.
J8
 
0.
60
 
1.
04
 
0 .
37
 
9 
6.
27
 
8.
80
 
o.
o 
o.
49
 
0.
60
 
1.
05
 
0.
37
 
10
 
6.
24
 
8.
80
 
o.
o 
o.
48
 
0.
58
 
1.
03
 
0.
37
 
T
ab
le
 A
79
. 
In
pu
t 
co
ef
fi
ci
en
ts
 v
ar
ia
b
le
s 
1 
th
ro
ug
h
·?
 c
o
n
tr
o
ll
ed
 e
nv
ir
on
m
en
t 
g
es
ta
ti
o
n
 
k 
xk
01
 
~0
2 
~O
J 
xk
04
 
xk
05
 
~0
6 
xk
07
 
L
ev
el
 
B
u
il
d
in
g
 
E
qu
ip
m
en
t 
So
w
s 
B
oa
rs
 
R
ep
ai
rs
 
D
is
ea
se
 
Po
w
er
 
1 
40
3.
22
 
44
8.
40
 
1
1
.0
 
1
.5
 
24
2.
97
 
57
.2
0 
J5
2.
69
 
2 
56
3.
88
 
65
9.
55
 
2
2
.0
 
2
.0
 
)4
6.
45
 
10
1.
 72
 
51
3.
97
 
3 
70
0.
61
 
89
9.
56
 
33
.0
 
2
.0
 
45
1.
07
 
14
6.
24
 
7~
8.
41
 
4 
1
, 1
63
. 3
1 
1,
54
7.
33
 
55
.0
 
3
.0
 
75
1.
06
 
2~
7;
96
 
1
,2
66
.4
4 
5 
2,
31
6.
44
 
3
,0
)4
.1
8
 
11
0.
0 
5.
5 
1,
49
2.
83
 
46
3.
24
 
2
, 7
41
.6
4 
6 
2 
,8
10
.6
1 
3
,6
)4
.5
4
 
16
5.
0 
4
.5
 
1,
69
1.
72
 
66
8.
52
 
3,
22
6.
53
 
7 
3,
6)
4
.2
9 
4,
73
9.
63
 
22
0.
0 
5.
5 
2,
33
5.
49
 
85
3.
80
 
4,
05
9.
75
 
8 
4
,2
9
).
2
0
 
5,
51
5.
22
 
27
5.
0 
5.
0 
2,
73
3.
28
 
98
9.
08
 
4,
77
0.
98
 
9 
5,
 1
16
.8
5 
6,
75
5.
78
 
33
0.
0 
5.
5 
3,
31
9.
64
 
1
,1
2
4
.3
6 
5,
99
3.
22
 
10
 
6 
'7
64
.1
7 
8,
96
7.
38
 
44
0.
0 
7
.5
 
4,
40
3.
56
 
1
,)
8
2
.2
4 
8,
03
5.
61
 
N
 .....
. 
'!
)
 
T
ab
le
 A
BO
. 
In
pu
t 
co
ef
fi
ci
en
ts
 v
ar
ia
b
le
s 
8 
th
ro
ug
h 
14
 c
o
n
tr
o
ll
ed
 e
nv
ir
on
m
en
t 
g
es
ta
ti
o
n
 
k 
xk
08
 
xk
09
 
xk
1
0 
xk
11
 
xk
12
 
xk
1J
 
xk
14
 
L
ev
el
 
Fe
ed
 1
 
Fe
ed
 2
 
Fe
ed
 
J 
W
as
te
 
L
ab
or
 
F
in
an
ce
 
D
ea
th
lo
ss
 
1 
17
. 7
2 
o.
o 
o.
o 
46
.0
7 
9
0
.0
 
9,
26
2.
84
 
3,
89
1.
26
 
2 
)4
.1
6
 
o.
o 
o.
o 
66
.3
2 
17
6.
0 
14
,3
58
.4
7 
6,
50
9.
66
 
J 
49
.9
8 
o.
o 
o.
o 
13
6.
99
 
25
8.
0 
1
9
,4
87
.8
7 
9,
09
1.
62
 
4 
83
.5
2 
o.
o 
o.
o 
19
7.
29
 
42
7.
0 
J2
 ,2
21
.8
2 
14
,9
51
.9
2 
5 
16
7.
03
 
o.
o 
o.
o 
53
8.
95
 
92
7.
0 
63
,9
07
.9
1 
29
,2
10
.8
0 
6 
24
4.
85
 
o.
o 
o.
o 
1,
35
9.
08
 
1
,)
8
4
.0
 
82
,2
55
.6
2 
39
,8
89
.3
0 
7 
)2
6.
47
 
o.
o 
o.
o 
2
, 1
04
. 7
8 
1
,8
4
3
.0
 
10
8,
11
0.
56
 
53
,0
65
.9
5 
8 
40
4.
29
 
o.
o 
o.
o 
2,
65
0.
07
 
2,
30
1.
 0
 
12
8,
61
1.
12
 
6
2
,3
8
6
.)
4
 
9 
48
4.
65
 
o.
o 
o.
o 
4
, 1
08
.9
6 
2
,7
6
5
.0
 
15
5,
96
0.
88
 
75
,9
66
.7
5 
10
 
64
5.
35
 
o.
o 
o.
o 
6,
82
2.
55
 
3,
68
6.
0 
20
7,
88
5.
19
 
10
2,
)2
8.
44
 
T
ab
le
 A
81
. 
P
ri
ce
 c
o
e
ff
ic
ie
n
ts
 v
a
ri
a
b
le
s 
1 
th
ro
u
g
h
 7
 c
o
n
tr
o
ll
e
d
 e
n
v
ir
o
n
m
en
t 
g
e
st
a
ti
o
n
 
k 
Pk
01
 
Pk
02
 
Pk
03
 
Pk
o4
 
Pk
05
 
Pk
06
 
Pi
co
7 
L
ev
el
 
B
ui
ld
in
g 
E
qu
ip
m
en
t 
So
w
s 
B
oa
rs
 
R
ep
ai
rs
 
D
is
ea
se
 
P
ow
er
 
1 
1
.0
 
1.
00
00
 
-0
.7
3
 
93
.0
 
1
.0
 
1.
00
00
 
0
.2
5
3
2
 
2 
1
.0
 
1.
00
00
 
-0
.7
3
 
93
.0
 
1
.0
 
1.
00
00
 
0.
24
15
 
3 
1
.0
 
1.
00
00
 
-0
.7
3
 
93
.0
 
1
.0
 
1.
00
00
 
0.
22
58
 
4 
1
.0
 
0.
97
63
 
-0
.7
3
 
93
.0
 
0.
9 
1.
00
00
 
0.
22
58
 
5 
1
.0
 
0.
97
60
 
-0
.7
3
 
93
.0
 
0
.9
 
0.
97
)4
 
0
.2
0
8
5
 
6 
1
.0
 
0.
93
84
 
-0
.7
3
 
93
.0
 
o.
8
 
0.
97
23
 
0.
21
09
 
7 
1
.0
 
0.
93
77
 
-0
.7
3
 
93
.0
 
o
.8
 
0.
97
11
 
0.
21
25
 
8 
1
.0
 
0.
93
62
 
-0
.7
3
 
93
.0
 
o
.8
 
0.
96
88
 
0.
21
25
 
9 
1
.0
 
0.
93
87
 
-0
.7
3
 
93
.0
 
o
.8
 
0.
96
71
 
0.
20
72
 
10
 
1
.0
 
0.
93
90
 
-0
.7
3 
93
.0
 
o
.8
 
0.
96
43
 
0.
20
)4
 
N
 
N
 
T
ab
le
 A
82
. 
P
ri
ce
 c
o
e
ff
ic
ie
n
ts
 v
a
ri
a
b
le
s 
8 
th
ro
u
g
h
 1
4 
c
o
n
tr
o
ll
e
d
 e
n
v
ir
o
n
m
en
t 
g
e
st
a
ti
o
n
 
0 
k 
Pk
08
 
Pk
09
 
Pk
10
 
Pk
11
 
Pk
12
 
Pk
13
 
Pk
14
 
L
ev
el
 
F
ee
d 
1 
Fe
ed
 2
 
F
ee
d 
3 
W
as
te
 
L
ab
or
 
F
in
an
ce
 
D
ea
th
lo
ss
 
1 
80
.0
 
o
.o
 
o
.o
 
1.
00
00
 
3
.0
 
0.
08
47
 
o.
 0
02
5 
2 
80
.0
 
o
.o
 
o.
o 
1.
00
00
 
3
.0
 
0.
08
47
 
0.
00
25
 
3 
80
.0
 
o
.o
 
o.
o 
1.
00
00
 
3
.0
 
0.
08
47
 
0
.0
0
2
5
 
4 
80
.0
 
o
.o
 
o
.o
 
1.
00
00
 
3
.0
 
0.
08
30
 
o.
 00
25
 
5 
7
5
.0
 
o
.o
 
o.
o 
0.
97
06
 
3
.0
 
0.
08
30
 
0.
00
25
 
6 
7
5
.0
 
o
.o
 
o
.o
 
0.
98
83
 
3
.0
 
0.
08
30
 
0
.0
0
2
5
 
7 
7
5
.0
 
o
.o
 
o
.o
 
0.
99
24
 
3
.0
 
0.
08
30
 
0.
00
25
 
8 
70
.0
 
o.
o 
o
.o
 
0.
99
20
 
J.O
 
0.
08
30
 
0
.0
0
2
5
 
9 
70
.0
 
o
.o
 
o
.o
 
0.
99
48
 
3
.0
 
0.
08
30
 
0
.0
0
2
5
 
10
 
70
.0
 
o
.o
 
o
.o
 
0.
99
53
 
3
.0
 
0.
08
30
 
0
.0
0
2
5
 
T
ab
le
 A
83
. 
C
o
st
 p
e
r 
he
ad
 v
a
ri
a
b
le
s 
1 
th
ro
u
g
h
 7
 c
o
n
tr
o
ll
e
d
 e
n
v
ir
o
n
m
en
t 
g
e
st
a
ti
on
 
L
ev
el
 
B
u
il
d
in
g
 
E
qu
ip
m
en
t 
So
w
s 
B
oa
rs
 
R
ep
ai
rs
 
D
is
ea
se
 
Po
w
er
 
-
-
1 
1.
01
 
1.
12
 
-0
.0
2
 
0.
35
 
0.
61
 
0.
14
 
0.
22
 
2 
0.
70
 
0,
82
 
-0
.0
2
 
0.
23
 
0,
43
 
0,
13
 
0.
16
 
3 
0.
56
 
0.
72
 
-0
.0
2
 
0.
15
 
0,
36
 
0.
12
 
0.
14
 
4 
o.
48
 
0.
62
 
-0
.0
2 
0,
11
 
0.
28
 
0.
10
 
0.
12
 
5 
0.
47
 
0.
60
 
-0
.0
2
 
0.
10
 
0.
27
 
0.
09
 
0.
12
 
6 
O
.J
6 
o.
44
 
-0
.0
2 
0,
05
 
0.
18
 
0.
08
 
0.
09
 
7 
0 .
. 3
5 
o
.4
J 
-0
.0
2 
0.
05
 
0.
18
 
0.
08
 
0.
08
 
8 
O
,J
J 
0.
39
 
-0
.0
2 
o.
04
 
0.
17
 
0.
07
 
0,
08
 
9 
O
.J
J 
o.
41
 
-0
.0
2
 
O
.O
J 
0.
17
 
0.
07
 
o
.o
a 
10
 
0
,J
J 
o.
4o
 
-0
.0
2 
O
.O
J 
0.
17
 
0.
06
 
o
.o
e 
T
ab
le
 
A
84
. 
C
o
st
 p
er
 h
ea
d 
v
a
ri
a
b
le
s 
8 
th
ro
ug
h 
14
 c
o
n
tr
o
ll
e
d
 e
n
v
ir
o
n
m
en
t 
g
e
st
a
ti
o
n
 
N
 
I\
) .... 
L
ev
el
 
F
ee
d 
1 
F
ee
d 
2 
F
ee
d 
J 
W
as
te
 
L
ab
or
 
F
in
an
ce
 
D
ea
th
lo
ss
 
1 
3 
• .5
4 
o
.o
 
o.
o 
0,
12
 
0,
68
 
1
.9
6 
0.
02
 
2 
J,
41
 
o
.o
 
0
,0
 
0.
08
 
0,
66
 
1.
52
 
0,
02
 
3 
J.
1
8
 
o
.o
 
o
.o
 
0.
11
 
0,
62
 
1
.)
2
 
0.
02
 
4 
2.
74
 
o
.o
 
o
.o
 
0.
08
 
0.
52
 
1
.1
·0
 
0.
02
 
5 
2
,5
3
 
o
.o
 
o
.o
 
0.
11
 
0.
56
 
1
.0
7
 
o.
 0
1 
6 
2
.3
8
 
o
.o
 
o
.o
 
o,
 1
7 
0 
• .5
4 
0,
89
 
0.
01
 
7 
2
.3
8 
0
,0
 
o
.o
 
0.
20
 
o 
• .5
4 
o.
87
 
o.
 01
 
8 
2
.1
6 
o
.o
 
o
.o
 
0.
20
 
0.
53
 
0,
82
 
0.
01
 
9 
2.
17
 
o
.o
 
o
.o
 
0.
26
 
0.
53
 
0.
83
 
0.
01
 
10
 
2
.1
7 
o
.o
 
o
.o
 
0.
33
 
0.
53
 
o.
83
 
0.
01
 
T
ab
le
 A
85
. 
In
p
u
t 
c
o
e
ff
ic
ie
n
ts
 v
a
ri
a
b
le
s 
1 
th
ro
ug
h 
7 
c
o
n
tr
o
ll
e
d
 e
n
v
ir
o
n
m
en
t 
fa
rr
o
w
in
g 
k 
xk
01
 
xk
02
 
xk
03
 
xk
04
 
xk
05
 
xk
06
 
xk
07
 
L
ev
el
 
Bu
il
d
in
g 
F
.q
ui
pm
en
t 
So
w
s 
B
o
a
rs
 
R
ep
ai
rs
 
D
is
ea
se
 
P
ow
er
 
1 
43
2.
61
 
38
8.
00
 
o.
o 
o.
o 
23
7.
82
 
50
0.
34
 
1,
76
5.
40
 
2 
69
8.
33
 
72
4.
86
 
o.
o 
o.
o 
41
3 
• .5
4 
96
3.
00
 
3,
27
9.
05
 
3 
69
9.
00
 
72
6.
13
 
o.
o 
o.
o 
41
3.
76
 
1,
48
5.
70
 
3,
28
1.
95
 
4 
1,
48
4.
21
 
2,
09
6.
86
 
o.
o 
o.
o 
93
6.
74
 
2,
53
1.
40
 
5,
40
2.
86
 
5 
2,
74
5.
98
 
3,
84
8.
30
 
o.
o 
o.
o 
1
, 7
37
.3
2 
5,
10
5.
00
 
10
,8
05
.7
2 
6 
4,
40
8.
21
 
6,
05
1.
43
 
o.
o 
o.
o 
2,
76
7.
62
 
7,
95
9.
90
 
17
,4
91
.4
9 
7 
5,
73
3.
37
 
7,
93
5.
35
 
o.
o 
o.
o 
3,
61
3.
39
 
10
,5
29
.1
1 
22
,6
37
.7
7 
8 
7,
40
2.
31
 
10
,1
68
.8
6 
o.
o 
o.
o 
4
,6
51
.9
3 
1J
,J
76
.4
6 
29
,3
23
.5
4 
9 
8,
61
5.
12
 
11
,8
77
.6
5 
o.
o 
o.
o 
5,
41
5.
JO
 
15
,8
)2
.8
7 
33
,9
47
.6
5 
10
 
11
,6
94
.6
9 
16
,0
.5
4.
98
 
o.
o 
o.
o 
7.
34
9.
08
 
21
,0
12
.4
5 
46
,2
70
.8
3 
I\
) 
I\
) 
T
ab
le
 A
86
. 
In
p
u
t 
c
o
e
ff
ic
ie
n
ts
 v
a
ri
a
b
le
s 
8 
th
ro
u
g
h
 1
4 
c
o
n
tr
o
ll
e
d
 e
n
v
ir
o
n
m
en
t 
fa
rr
o
w
in
g
 
I\
) 
k 
Xk
Q8
 
xk
09
 
xk
10
 
xk
11
 
xk
12
 
xk
13
 
xk
14
 
L
ev
el
 
F
ee
d 
1 
F
ee
d 
2 
F
ee
d 
3 
W
as
te
 
L
ab
or
 
Fi
n
an
ce
 
D
ea
th
lo
ss
 
1 
16
.6
3 
2.
80
 
6.
40
 
45
.3
0 
34
1.
0 
9,
22
9.
41
 
6
,4
52
.8
3 
2 
33
.2
6 
5.
61
 
12
.8
2 
80
.5
9 
68
2.
0 
16
,5
96
.2
6 
12
,3
69
.)
4 
3 
52
.1
6 
8.
79
 
20
.1
0 
10
7.
42
 
1,
06
5.
0 
19
, 0
23
.4
0 
17
,4
18
.7
7 
4 
86
.1
8 
17
.0
8 
39
.0
4 
15
6.
95
 
2
. 0
11
. 0
 
39
,2
72
.8
5 
32
,7
43
.3
6 
5 
17
4.
64
 
34
.6
0 
79
.0
9 
38
6.
10
 
3,
93
3.
0 
74
,4
57
.4
4 
64
,1
92
.4
7 
6 
27
2.
16
 
53
.9
3 
12
3.
26
 
91
6.
52
 
6,
13
0.
0 
11
4,
 0
84
.6
2 
97
,2
48
.6
9 
7 
36
2.
88
 
71
.9
0 
16
4.
35
 
1,
35
9.
07
 
7,
54
3.
0 
16
8,
51
7
.3
8 
12
8,
75
7.
06
 
8 
46
2.
67
 
91
.6
8 
20
9.
55
 
1,
74
3.
57
 
9,
34
0.
0 
18
5,
95
1.
62
 
15
1,
31
9.
19
 
9 
55
1.
12
 
10
9.
21
 
24
9.
62
 
2,
 5
31
.5
0 
10
,9
61
.0
 
21
7,
91
3.
69
 
17
9,
12
8.
00
 
10
 
7.
34
.8
3 
14
5.
61
 
33
2.
82
 
4,
07
2.
57
 
14
,6
15
.0
 
29
4,
40
8.
2
5 
24
0,
37
5.
25
 
Ta
b
le
 A
87
. 
P
ri
c
e
 c
o
e
ff
ic
ie
n
ts
 v
a
ri
a
b
le
s 
1 
th
ro
u
g
h
 7
 c
o
n
tr
o
ll
e
d
 e
n
v
ir
o
n
m
en
t 
fa
rr
o
w
in
g
 
k 
Pk
01
 
Pk
02
 
Pk
03
 
Pk
04
 
Pk
05
 
Pk
06
 
Pk
07
 
L
ev
el
 
Bu
il
d
in
g 
E
qu
ip
m
en
t 
So
w
s 
Bo
ar
s 
R
ep
ai
rs
 
D
is
ea
se
 
P
ow
er
 
1 
1
.0
 
1.
00
00
 
o
.o
 
o
.o
 
1
.0
 
1.
00
00
 
0.
15
91
 
2 
1
.0
 
1.
00
00
 
o.
o 
o
.o
 
1
.0
 
1.
00
00
 
0.
15
46
 
J 
1
.0
 
1.
00
00
 
o
.o
 
o
.o
 
1
.0
 
1.
00
00
 
0.
15
53
 
4 
1
.0
 
0.
97
21
 
o
.o
 
o
.o
 
0.
9 
1.
00
00
 
0.
16
99
 
5 
1
.0
 
o.
 9
69
3 
o.
o 
o.
o 
0.
9 
0.
90
47
 
0.
16
79
 
6 
1
. 0
 
0.
92
25
 
o
.o
 
o
.o
 
o
.8
 
0.
90
47
 
0.
16
69
 
7 
1
.0
 
0.
92
36
 
o
.o
 
o
.o
 
o
.a
 
0.
90
40
 
0.
16
69
 
8 
1
.0
 
0.
92
28
 
o.
o 
o
.o
 
o
.8
 
0.
90
36
 
0.
16
66
 
9 
1
.0
 
0.
92
35
 
o
.o
 
o
.o
 
o
.8
 
0.
90
30
 
0.
16
63
 
10
 
1
.0
 
0.
92
29
 
o
.o
 
o
.o
 
o
.a
 
0.
90
26
 
0.
16
52
 
N
 
N
 
T
ab
le
 A
88
. 
P
ri
ce
 c
o
e
ff
ic
ie
n
ts
 v
a
ri
a
b
le
s 
8 
th
ro
ug
h 
14
 c
o
n
tr
o
ll
e
d
 e
n
v
ir
o
n
m
en
t 
fa
rr
o
w
in
g 
w
 
k 
PJ
co
a 
Pk
09
 
Pk
tO
 
Pk
11
 
Pk
t2
 
P1
t1
3 
P
kt
4 
L
ev
el
 
F
ee
d 
1 
F
ee
d 
2 
F
ee
d 
J 
W
as
te
 
la
b
o
r 
F
in
an
ce
 
D
ea
th
lo
ss
 
1 
90
.0
 
15
5.
0 
13
0.
0 
1.
00
00
 
3
.0
 
0.
08
47
 
0.
00
25
 
2 
90
.0
 
15
5.
0 
13
0.
0 
1.
00
00
 
3
.0
 
0.
08
47
 
0.
00
25
 
3 
90
.0
 
15
5.
0 
13
0.
0 
1.
00
00
 
3
.0
 
0.
08
47
 
0.
00
25
 
4 
9
0
.0
 
15
5.
0 
13
0.
0 
1.
00
00
 
3
.0
 
0.
08
30
 
0.
00
25
 
5 
90
.0
 
15
5.
0 
13
0.
0 
0.
97
95
 
3
.0
 
0.
08
30
 
0
.0
02
5 
6 
ao
.o
 
15
5.
0 
13
0.
0 
0.
99
13
 
3
.0
 
0.
08
30
 
o.
 0
02
5 
7 
80
.0
 
15
.5
.0
 
13
0.
0 
0.
99
41
 
3
.0
 
0.
08
30
 
o.
 0
02
5 
8 
70
.0
 
13
5.
0 
11
4.
o 
0.
99
39
 
3
.0
 
0.
08
30
 
0.
00
25
 
9 
70
.0
 
13
5.
0 
1
1
4
.o
 
0.
99
58
 
3
.0
 
0.
08
30
 
0.
00
25
 
10
 
70
.0
 
13
5.
0 
11
4.
o 
0.
99
61
 
3
.0
 
0.
08
30
 
0.
00
25
 
T
ab
le
 A
89
. 
C
o
st
 p
e
r 
he
ad
 v
a
ri
a
b
le
s 
1 
th
ro
u
g
h
 7
 c
o
n
tr
o
ll
e
d
 e
n
v
ir
o
n
m
en
t 
fa
rr
o
w
in
g 
L
ev
el
 
Bu
il
d
in
g 
E
qu
ip
m
en
t 
So
w
s 
B
o
a
rs
 
R
ep
ai
rs
 
D
is
ea
se
 
P
ow
er
 
1 
1.
08
 
0.
97
 
o.
o 
o.
o 
0.
59
 
1.
25
 
0.
70
 
2 
0.
87
 
0.
90
 
o.
o 
o.
o 
0.
52
 
1.
20
 
0.
63
 
3 
0.
56
 
0.
58
 
o
.o
 
o.
o 
0.
33
 
1.
18
 
o.
41
 
4 
0.
61
 
o.
84
 
o
.o
 
o.
o 
0.
35
 
1.
04
 
0.
38
 
5 
0.
56
 
0.
75
 
o
.o
 
o.
o 
0.
32
 
0.
93
 
0.
37
 
6 
0.
57
 
0.
72
 
o
.o
 
o.
o 
0.
29
 
0.
93
 
0.
38
 
7 
0.
56
 
0.
71
 
o
.o
 
o.
o 
0.
28
 
0.
93
 
0.
37
 
8 
0.
57
 
0.
72
 
o
.o
 
o
.o
 
0.
28
 
0.
92
 
0.
37
 
9 
0.
55
 
0.
70
 
o
.o
 
o.
o 
0.
28
 
0.
92
 
0.
36
 
10
 
0.
56
 
0.
71
 
o
.o
 
o.
o 
0.
28
 
0.
91
 
0.
37
 
T
ab
le
 A
90
. 
C
os
t 
p
e
r 
he
ad
 v
a
ri
a
b
le
s 
8 
th
ro
u
g
h
 1
4 
c
o
n
tr
o
ll
e
d
 e
n
v
ir
o
n
m
en
t 
fa
rr
o
w
in
g
 
I\
) 
I\
) ~
 
L
ev
el
 
F
ee
d 
1 
F
ee
d 
2 
F
ee
d 
3 
W
as
te
 
L
ab
o
r 
F
in
a.
ne
e 
D
ea
th
lo
ss
 
1 
3.
74
 
1.
08
 
2
.0
8 
0,
11
 
2.
56
 
1.
96
 
o.
04
 
2 
3.
74
 
1.
09
 
2
.0
8 
0.
10
 
2.
55
 
1
.7
6 
o.
04
 
3 
3,
74
 
1.
08
 
2.
08
 
0.
09
 
2.
54
 
1.
28
 
0.
03
 
4 
3.
18
 
1.
08
 
2
.0
8 
o.
06
 
2
.4
7 
1
.)
4
 
0.
03
 
5 
3.
18
 
1.
08
 
2,
08
 
0.
08
 
2.
39
 
1.
25
 
0.
03
 
6 
2.
83
 
1.
08
 
2
,0
8 
0.
12
 
2
.3
9 
1.
23
 
0.
03
 
7 
2.
83
 
1.
08
 
2
.0
8 
0.
13
 
2.
20
 
1.
36
 
0.
03
 
8 
2.
47
 
0.
94
 
1.
82
 
0.
13
 
2.
14
 
1.
1
8 
0.
03
 
9 
2.
47
 
0.
94
 
t.
8
2
 
0.
16
 
2.
11
 
1.
16
 
0.
03
 
10
 
2.
47
 
0.
94
 
1.
82
 
0.
20
 
2.
11
 
1.
17
 
0.
03
 
T
ab
le
 A
91
. 
In
p
u
t 
c
o
e
ff
ic
ie
n
ts
 v
a
ri
a
b
le
s 
1 
th
ro
u
g
h
 7
 c
o
n
tr
o
ll
e
d
 e
n
v
ir
o
n
m
en
t 
gr
ow
in
g 
k 
xk
01
 
xk
02
 
xk
O
J 
xk
04
 
xk
05
 
xk
06
 
xk
07
 
L
ev
el
 
B
u
il
d
in
g
 
E
qu
ip
m
en
t 
So
w
s 
B
oa
.rs
 
R
ep
ai
rs
 
D
is
ea
se
 
Po
w
er
 
1 
24
5.
93
 
26
0.
26
 
o.
o 
0,
0 
14
0,
79
 
7J
.0
4 
41
J.
 51
 
2 
28
4,
67
 
J6
7,
12
 
o.
o 
o
.o
 
60
5.
58
 
14
6.
21
 
60
5,
58
 
J 
54
2.
44
 
69
5.
59
 
0,
0 
o.
o 
JJ
0.
51
 
1,
79
0.
63
 
1,
)6
2.
81
 
4 
9)
4.
20
 
1,
30
3.
85
 
o
.o
 
0
,0
 
58
2.
92
 
3,
42
6.
18
 
2,
60
1.
83
 
5 
1,
89
8.
74
 
2,
J9
0,
JO
 
o.
o 
o.
o 
1,
12
2.
48
 
6,
91
7.
28
 
5,
 1
25
.3
7 
6 
2,
95
5,
13
 
J,
83
2,
30
 
o
.o
 
0,
0 
1,
78
1.
55
 
10
,7
84
.0
7 
8,
37
3.
68
 
7 
3,
96
5.
61
 
5,
03
1.
90
 
0
,0
 
0,
0 
2,
35
2.
60
 
14
,2
94
.2
3 
11
, 0
64
. 5
6 
8 
4,
97
6,
o6
 
6 ,
31
7,
46
 
o
.o
 
o.
o 
2,
96
7.
28
 
18
,0
18
. 6
2 
13
,9
05
.9
5 
9 
5,
94
0.
59
 
7,
50
7,
73
 
o
.o
 
o.
o 
J,
 5
21
.4
8 
21
,3
62
,6
5 
16
,6
66
.1
2 
10
 
8,
00
7.
46
 
10
, 0
42
.9
5 
o.
o 
0,
0 
4,
74
5,
00
 
28
,4
21
. 0
5 
22
,2
12
.4
6 
I\
)
 
I\
)
 
T
ab
le
 A
92
. 
In
p
u
t 
c
o
e
ff
ic
ie
n
ts
 v
a
ri
a
b
le
s 
8 
th
ro
u
g
h
 1
4 
c
o
n
tr
o
ll
e
d
 e
n
v
ir
o
n
m
en
t 
gr
ow
in
g 
V
\ 
k 
xk
08
 
xk
09
 
xk
10
 
xk
11
 
xk
12
 
x
k
lJ
 
xk
14
 
L
ev
el
 
F
ee
d 
1 
F
ee
d 
2 
F
ee
d 
J 
W
as
te
 
L
ab
or
 
F
in
an
ce
 
D
ea
th
le
ss
 
1 
40
.5
0 
0,
0 
o
.o
 
JO
.JO
 
90
.0
 
5,
8)
4.
56
 
4,
10
7.
82
 
2 
81
.1
0 
0,
0 
o.
o 
53
,9
9 
1
)0
,0
 
9,
53
5,
79
 
7,
88
6.
35
 
J 
12
7.
17
 
o.
o 
0,
0 
10
5.
03
 
J0
6.
o 
15
,9
07
.4
6 
15
,4
94
.4
6 
4 
24
7,
05
 
o.
o 
o.
o 
16
2.
50
 
58
J.
O
 
28
,7
42
,1
2 
29
,)
66
. 9
6 
5 
50
0,
48
 
0,
0 
o.
o 
43
5,
84
 
1,
24
9,
0 
56
, 1
65
.1
4 
58
,9
53
,9
0 
6 
78
0,
0J
 
o.
o 
o.
o 
1,
12
9.
98
 
2,
01
8.
0 
87
,7
44
.4
4 
91
 ,6
80
.9
4 
7 
1,
 0
40
. 0
0 
o.
o 
o.
o 
1,
7J
4.
64
 
2,
72
2.
0 
11
6,
28
1.
62
 
12
J,
22
J.
J1
 
8 
1,
)1
2.
18
 
o.
o 
o.
o 
2,
21
2.
71
 
3,
38
6.
0 
14
6,
76
8
.J
l 
15
5,
28
9.
62
 
9 
1,
56
).
81
 
o.
o 
o.
o 
J,
J4
9.
47
 
4
,0
89
.0
 
17
4,
68
6.
88
 
18
5,
75
8.
88
 
10
 
2,
08
5.
04
 
o.
o 
o.
o 
5,
47
8.
24
 
5,
42
8.
0 
2)
4,
64
4.
 5
6 
24
8,
80
1.
88
 
T
ab
le
 A
9J
. 
P
ri
ce
 c
o
ef
fi
ci
en
ts
 v
ar
ia
b
le
s 
1 
th
ro
ug
h 
7 
co
n
tr
o
ll
ed
 e
nv
ir
on
m
en
t 
g
ro
w
in
g 
k 
Pk
O
l 
Pk
02
 
Pk
 O
J 
Pk
04
 
Pk
05
 
Pk
06
 
PJ
co
7 
L
ev
el
 
B
ui
ld
in
g 
~u
ip
me
nt
 
So
w
s 
B
oa
rs
 
Re
p
ai
rs
 
Di
se
as
e 
Po
w
er
 
1 
1
.0
 
1
.0
00
0 
o.
o 
o.
o 
1
.0
 
1
.0
00
0 
0.
24
94
 
2 
1
.0
 
1.
00
00
 
o.
o 
o.
o 
1
.0
 
1.
00
00
 
0.
27
19
 
3 
1
.0
 
1
.0
00
0 
o
.o
 
o.
o 
1
.0
 
1
.0
00
0 
0.
1
66
1 
4 
1
.0
 
0.
94
93
 
o.
o 
o.
o 
0
.9
 
1.
00
00
 
0
.1
60
8 
5 
1
.0
 
0
.9
13
9 
o.
o 
o.
o 
0.
9 
0.
96
68
 
0
.1
56
9 
6 
1
.0
 
o.
86
47
 
o.
o 
o.
o 
o.
8 
0
.9
66
8 
0
.1
54
7 
7 
1
.0
 
o.
85
64
 
o.
o 
o.
o 
0.
8 
0.
96
66
 
0.
15
45
 
8 
1.
0 
0.
86
09
 
o.
o 
o
.o
 
0.
8 
0.
96
62
 
0.
15
40
 
9 
1
.0
 
0.
85
57
 
o.
o 
o.
o 
o
.8
 
0.
96
61
 
0.
15
32
 
10
 
1
.0
 
0.
85
37
 
o.
o 
o
.o
 
0
.8
 
0.
96
60
 
0.
15
21
 
N
 
N
 
T
ab
le
 A
94
. 
P
ri
ce
 
co
ef
fi
ci
e
nt
s 
v
ar
ia
b
le
s 
8 
th
ro
ug
h 
14
 c
o
n
tr
o
ll
ed
 e
n
v
ir
o
n
m
en
t 
gr
ow
in
g 
°' 
k 
pk
08
 
Pk
09
 
pk
10
 
pk
11
 
P
kt
2 
11
t1
3 
P
kt
4 
L
ev
el
 
Fe
ed
 1
 
Fe
ed
 2
 
Fe
ed
 
3 
W
as
te
 
L
ab
or
 
F
in
an
ce
 
D
ea
th
lo
ss
 
1 
80
.0
 
o.
o 
o
.o
 
1
.0
0
0
0 
).
O
 
0.
08
47
 
o
. 0
15
0 
2 
80
.0
 
o
.o
 
o.
o 
1
.0
00
0 
3.
0 
0.
08
47
 
0
.0
15
0 
3 
75
.0
 
o
.o
 
o
.o
 
1
.0
00
0 
3.
0 
0.
08
47
 
0.
01
50
 
4 
75
.0
 
o
.o
 
o
.o
 
1
.0
00
0 
3
.0
 
0
.0
8)
0 
0.
01
50
 
5 
75
.0
 
o.
o 
o.
o 
0
.9
72
7 
J
.O
 
0.
08
30
 
0
.0
15
0 
6 
7
5
.0
 
o.
o 
o.
o 
0.
98
95
 
3.
0 
0.
08
30
 
o
. 0
15
0 
7 
75
.0
 
o.
o 
o
.o
 
0.
99
31
 
J
.O
 
0.
08
JO
 
0
.0
15
0 
8 
75
.0
 
o.
o 
o
.o
 
0
.9
92
8 
J.
O
 
0
.0
8
)0
 
0.
01
50
 
9 
75
.0
 
o.
o 
o
.o
 
0.
99
52
 
3.
0 
0
.0
83
0 
0.
01
50
 
10
 
7
5
.0
 
o
.o
 
o.
o 
0
.9
95
6 
3
.0
 
0.
08
30
 
0.
01
50
 
T
ab
le
 A
95
. 
Co
st
 p
er
 h
ea
d 
v
a
ri
a
b
le
s 
1 
th
ro
ug
h 
7 
c
o
n
tr
o
ll
ed
 
en
v
ir
o
n
m
en
t 
g
ro
w
in
g 
L
ev
el
 
B u
il
d
in
g 
E
qu
ip
m
e
n
t 
So
w
s 
Bo
ar
s 
Re
p
a
ir
s 
D
is
e
a
se
 
Po
w
e
r 
1 
0.
61
 
0.
65
 
o.
o 
o
.o
 
0.
35
 
0.
1
8 
0.
2
6 
2 
o.
48
 
0.
46
 
o.
o 
o.
o 
0.
20
 
0.
18
 
0.
20
 
J 
0.
4
) 
0.
55
 
o.
o 
o.
o 
0.
26
 
1
.4
3 
0.
1
8 
4 
0.
)8
 
0.
51
 
o.
o 
o.
o 
0.
22
 
1.
40
 
0.
17
 
5 
0.
38
 
o.
44
 
o.
o 
o.
o 
0.
20
 
1.
)5
 
0.
16
 
6 
0.
38
 
o.
4
J 
o.
o 
o.
o 
0.
1
8 
1.
35
 
0.
17
 
7 
0.
)9
 
0.
42
 
o.
o 
o.
o 
0.
1
8 
1.
35
 
0.
1
7 
8 
0.
)8
 
o.
42
 
o.
o 
o.
o 
0.
1
8 
1.
33
 
0.
16
 
9 
0.
38
 
o.
41
 
o.
o 
o.
o 
0.
1
8 
1.
32
 
0.
16
 
10
 
0.
38
 
0.
41
 
o.
o 
o.
o 
0.
1
8 
1
.3
2 
0.
16
 
T
ab
le
 A
96
. 
Co
st
 p
er
 h
ea
d 
v
a
ri
a
bl
e
s 
8 
th
ro
u
g
h
 1
4 
c
o
n
tr
o
ll
ed
 
en
v
ir
o
n
m
en
t 
g
ro
w
in
g 
I\
) 
I\
) 
--
.J
 
L
ev
el
 
Fe
ed
 1
 
F
ee
d 
2 
F
ee
d 
3 
W
as
te
 
L
ab
or
 
F
in
an
ce
 
De
a
th
lo
ss
 
1 
8
.1
0 
o.
o 
o.
o 
0.
08
 
o.
68
 
1.
24
 
0.
1
5 
2 
8
.1
0 
o.
o 
o.
o 
0.
07
 
o.
49
 
1.
 01
 
0.
15
 
3 
7.
59
 
o.
o 
o.
o 
0.
08
 
0.
73
 
1
.0
7 
0.
1
8 
4 
7.
59
 
o.
o 
o.
o 
0.
07
 
0.
72
 
0.
98
 
0.
1
8 
5 
7.
59
 
o.
o 
o.
o 
0.
09
 
0.
76
 
0.
94
 
0.
1
8 
6 
7.
59
 
o.
o 
o
.o
 
0.
1
5 
0.
79
 
0.
95
 
0 .
1
8 
7 
7.
59
 
o.
o 
o.
o 
0.
1
7 
0.
80
 
0.
94
 
0 .
1
8 
8 
7 .
51
 
o.
o 
o.
o 
0.
1
7 
0.
78
 
0.
93
 
0.
1
8 
9 
7.
52
 
o.
o 
o.
o 
0.
21
 
0.
79
 
0.
93
 
0.
1
8 
10
 
7.
 5
2 
o.
o
 
o.
o 
0.
26
 
0.
78
 
0.
94
 
0.
1
8 
T
ab
le
 A
97
. 
In
p
u
t 
c
o
e
ff
ic
ie
n
ts
 v
a
ri
a
b
le
s 
1 
th
ro
u
g
h
 7
 c
o
n
tr
o
ll
e
d
 e
n
v
ir
o
n
m
en
t 
fi
n
is
h
in
g
 
k 
xk
01
 
xk
02
 
xk
0.
3 
xk
04
 
xk
05
 
xk
06
 
xk
07
 
L
ev
el
 
Bu
il
d
in
g 
E
qu
ip
m
en
t 
So
w
s 
B
oa
rs
 
R
ep
ai
rs
 
D
is
ea
se
 
Po
w
er
 
1 
24
5.
93
 
26
0.
26
 
o.
o 
o.
o 
14
0.
79
 
78
.0
4 
41
3.
51
 
2 
)8
4.
67
 
36
7.
12
 
o.
o 
o.
o 
20
9.
 6
8 
11
8.
 0
9 
60
5.
58
 
3 
92
3.
30
 
73
8.
27
 
o.
o 
o.
o 
46
6.
70
 
16
0.
84
 
1,
22
0.
82
 
4 
1
, 5
.3
5.
17
 
1,
28
1 
• .
37
 
o.
o 
o.
o 
78
5.
45
 
1,
45
4.
64
 
2,
01
7.
66
 
5 
J,
26
6.
 71
 
2,
)8
7.
59
 
o.
o 
o.
o 
1,
57
2.
76
 
2,
92
).
J.
3 
4
, 0
42
.8
2 
6 
4,
87
8.
24
 
3.
89
8.
48
 
o.
o 
o.
o 
2,
47
1.
93
 
4,
55
9.
26
 
6,
65
4.
13
 
7 
6,
54
9.
78
 
4,
97
6.
10
 
o.
o 
o.
o 
J,
2)
8.
62
 
5,
99
3,
76
 
8,
19
6.
79
 
8 
8,
22
1.
31
 
6,
3)
8.
18
 
o.
o 
o.
o 
4,
 1
04
,4
3 
7
' 5
.3
1.
27
 
10
,9
41
.3
1 
9 
9,
89
2.
8.
3 
7,
.3
59
.4
0 
o.
o 
o.
o 
4,
85
3~
85
 
8,
87
0.
15
 
12
,8
58
.1
1 
10
 
1.
3,
 2.
35
. 0
0 
10
,1
80
.2
8 
o.
o 
o.
o 
6,
59
0.
86
 
11
, 7
64
, 7
5 
16
,8
70
.3
9 
I\
) 
I\
) 
T
ab
le
 A
98
. 
In
p
u
t 
c
o
e
ff
ic
ie
n
ts
 v
a
ri
a
b
le
s 
8 
th
ro
ug
h 
14
 c
o
n
tr
o
ll
e
d
 e
n
v
ir
o
n
m
en
t 
fi
n
is
h
 
CX
> 
k 
xk
08
 
xk
09
 
xk
10
 
xk
11
 
xk
12
 
xk
1.
3 
xk
14
 
L
ev
el
 
F
ee
d 
1 
F
ee
d 
2 
F
ee
d 
J 
W
as
te
 
L
ab
or
 
F
in
a.
ne
e 
D
ea
th
lo
ss
 
1 
)2
.6
4 
48
,9
6 
o.
o 
4
2
,)
6
 
86
.o
 
7,
60
2.
61
 
8,
80
6,
14
 
2 
65
,3
6 
98
.0
4 
o.
o 
69
.)
2 
12
8.
0 
12
,9
47
.6
2 
16
,5
02
. 7
7 
3 
10
2.
49
 
15
).
73
 
o.
o 
2
0
9
,5
5
 
24
0,
0 
23
, 5
18
. 7
3 
23
,9
98
.7
5 
4 
19
9.
10
 
29
8.
66
 
o.
o 
30
9.
98
 
)8
4.
0 
42
,2
50
.0
5 
46
,2
67
.2
4 
5 
40
3.
35
 
60
5.
02
 
o.
o 
87
6.
87
 
92
7.
0 
85
,)
23
.1
2 
94
,2
98
.4
4 
6 
62
8.
65
 
94
2.
97
 
o.
o 
2,
41
8.
)4
 
1,
49
7,
0 
13
2 
,9
99
,4
4 
14
7,
75
5.
56
 
7 
8)
8.
00
 
1,
25
7.
00
 
o.
o 
3,
75
6.
46
 
1,
99
9,
0 
17
5,
67
9.
50
 
19
6,
94
3.
56
 
8 
1,
05
8,
0J
 
1,
58
7.
04
 
o.
o 
4,
79
1.
89
 
2,
50
9,
0 
22
2,
4)
6.
75
 
24
8,
81
6.
94
 
9 
1,
26
0.
31
 
1,
89
0.
47
 
o.
o 
7 
• .3
73
.4
4 
J,
00
7,
0 
26
4,
56
4.
81
 
29
7,
78
6.
44
 
10
 
1,
68
0.
39
 
2,
52
0.
58
 
o.
o 
12
,1
93
.1
8 
4,
10
5.
0 
35
7,
30
3.
44
 
40
0,
41
4.
62
 
T
ab
le
 A
99
. 
P
ri
ce
 c
o
e
ff
ic
ie
n
ts
 v
ar
ia
b
le
s 
1 
th
ro
ug
h 
7 
co
n
tr
o
ll
ed
 e
nv
ir
on
m
en
t 
fi
n
is
h
in
g
 
k 
pk
01
 
Pi
to
2 
Pi
to
3 
Pk
04
 
Pi
to
5 
Pi
to
6 
Pi
t07
 
L
ev
el
 
B
u
il
d
in
g
 
fi
l:l
ui
pm
en
t 
So
w
s 
B
oa
rs
 
R
ep
ai
rs
 
D
is
ea
se
 
Po
w
er
 
1 
1
.0
 
1.
00
00
 
o
.o
 
o
.o
 
1
.0
0
0
0
 
1.
00
00
 
0.
24
94
 
2 
1
.0
 
1
.0
0
0
0
 
o
.o
 
o
.o
 
1
.0
0
0
0
 
1.
00
00
 
0.
27
19
 
3 
1
.0
 
1.
00
00
 
o
.o
 
o
.o
 
1
.0
0
0
0
 
1.
00
00
 
0.
27
77
 
4 
1
.0
 
0.
91
38
 
o
.o
 
0
,0
 
0.
90
00
 
1.
00
00
 
0.
29
35
 
5 
1
.0
 
0,
96
10
 
o
.o
 
o
.o
 
0.
90
00
 
0.
97
04
 
0.
28
95
 
6 
1
.0
 
0.
90
70
 
o
.o
 
o
.o
 
0.
80
00
 
0,
97
04
 
0
.2
79
9 
7 
1
.0
 
0,
89
66
 
o
.o
 
o
.o
 
0,
80
00
 
0,
97
00
 
0.
29
04
 
8 
1
.0
 
0
, 9
02
3 
o
.o
 
o
.o
 
0,
80
00
 
0.
96
95
 
0.
28
36
 
9 
1
.0
 
0,
89
53
 
0
,0
 
o
.o
 
0,
80
00
 
0.
96
92
 
0.
28
41
 
10
 
1
.0
 
0,
89
61
 
o
.o
 
o
.o
 
0.
80
00
 
0.
96
90
 
0.
28
49
 
I\
) 
I\
) '° 
T
ab
le
 A
lO
O
. 
P
ri
ce
 c
o
e
ff
ic
ie
n
ts
 v
ar
ia
b
le
s 
8 
th
ro
u
g
h
 1
4 
co
n
tr
o
ll
ed
 e
nv
ir
on
m
en
t 
fi
n
is
h
in
g
 
k 
pk
08
 
pk
09
 
~1
0 
pk
11
 
pk
12
 
pk
13
 
Pi
tt.4
 
L
ev
el
 
Fe
ed
 1
 
F
ee
d 
2 
F
ee
d 
3 
W
as
te
 
L
ab
or
 
F
in
an
ce
 
D
ea
th
lo
as
 
1 
8
0
,0
 
75
.0
 
0
,0
 
1
,0
0
0
0
 
3
,0
 
0,
08
47
 
0.
00
50
 
2 
8
0
.0
 
75
.0
 
o
.o
 
1
.0
0
0
0
 
3
.0
 
o.
08
47
 
0.
00
50
 
3 
75
.0
 
7
0
,0
 
o
.o
 
1
.0
0
0
0
 
3
,0
 
0,
08
47
 
0.
00
50
 
4 
75
,0
 
7
0
,0
 
o
.o
 
1
.0
0
0
0
 
J,
O
 
0.
08
30
 
0.
00
50
 
5 
75
,0
 
7
0
,0
 
o
.o
 
0.
96
84
 
3
,0
 
0,
08
30
 
0.
00
50
 
6 
7
5
.0
 
7
0
,0
 
o
.o
 
0,
98
85
 
J.
O
 
0.
08
30
 
0.
00
50
 
7 
7
5
.0
 
7
0
.0
 
o
.o
 
0.
99
26
 
3
.0
 
0
.0
8
)0
 
0.
00
50
 
8 
7
5
.0
 
7
0
.0
 
o
.o
 
0.
99
22
 
3
,0
 
0.
08
30
 
0.
00
50
 
9 
75
.0
 
7
0
.0
 
0
,0
 
0.
99
49
 
J,
O
 
0.
08
JO
 
0.
00
50
 
1
0
 
75
.0
 
7
0
.0
 
o
.o
 
0.
99
54
 
J.
O
 
0.
08
30
 
0.
00
50
 
T
ab
le
 A
l 0
1
. 
C
o
st
 p
er
 h
ea
d 
v
a
ri
a
b
le
s 
1 
th
ro
u
g
h
 7
 c
o
n
tr
o
ll
e
d
 e
n
v
ir
o
n
m
en
t 
fi
n
is
h
in
g
 
L
ev
el
 
B
u
il
d
in
g
 
E
qu
ip
m
en
t 
So
ws
 
B
oa
.r
s 
R
ep
ai
rs
 
D
is
ea
se
 
P
ow
e
r 
1 
o.
62
 
0.
65
 
o.
o 
o.
o 
0.
35
 
0.
20
 
0.
2
6 
2 
o.
48
 
o.
46
 
o.
o 
o.
o 
0.
26
 
0.
15
 
0.
21
 
3 
0.
74
 
0.
59
 
o.
o 
o.
o 
0.
37
 
0.
13
 
0.
27
 
4 
0.
63
 
o.
48
 
o.
o 
o.
o 
0.
29
 
0.
60
 
0.
24
 
5 
o.
66
 
o.
46
 
o.
o 
o.
o 
0.
29
 
0.
57
 
0.
24
 
6 
o.
63
 
o.
46
 
o.
o 
o.
o 
0.
26
 
0.
57
 
0.
24
 
7 
o.
64
 
o.
43
 
o.
o 
o.
o 
0.
25
 
0.
57
 
0.
23
 
8 
0.
63
 
o.
44
 
o .
o
 
o.
o 
0.
25
 
0.
56
 
0.
24
 
9 
0.
63
 
o.
42
 
o.
o 
o.
o 
0.
25
 
0.
55
 
0.
23
 
10
 
o.
64
 
o.
44
 
o.
o 
o.
o 
0.
25
 
0.
55
 
0.
23
 
T
ab
le
 A
l 0
2
. 
C
o
st
 p
e
r 
he
ad
 v
a
ri
a
b
le
s 
8 
th
ro
u
g
h
 1
4 
c
o
n
tr
o
ll
e
d
 e
n
v
ir
o
n
m
en
t 
fi
n
is
h
in
g
 
I\
)
 
\..
..>
 
0 
L
ev
el
 
F
ee
d 
1 
F
ee
d 
2 
F
ee
d 
3 
W
as
te
 
L
ab
or
 
F
in
an
ce
 
De
a
th
lo
ss
 
1 
6 .
53
 
9.
1
8 
o.
o 
0.
11
 
o.
64
 
1.
61
 
0.
11
 
2 
6.
53
 
9.
1
8 
o.
o 
0.
09
 
o.
48
 
1.
37
 
0.
10
 
3 
6.
12
 
8.
57
 
o.
o 
0.
17
 
0.
57
 
1.
59
 
0.
10
 
4 
6.
12
 
8.
57
 
o.
o 
0.
1
3 
o.
47
 
1.
44
 
0.
09
 
5 
6.
1
2 
8.
57
 
o.
o 
0.
17
 
0.
56
 
1.
43
 
0.
10
 
6 
6.
1
2 
8.
57
 
o.
o 
0.
31
 
0.
58
 
1.
43
 
0.
10
 
7 
6.
1
2 
8.
57
 
o.
o 
0.
36
 
0.
58
 
1.
42
 
0.
1
0 
8 
6.
06
 
8.
48
 
o.
o 
0.
36
 
0.
57
 
1
.4
1 
0.
10
 
9 
6.
06
 
8.
48
 
o.
o 
o .
47
 
0.
58
 
1.
41
 
0.
1
0 
10
 
6.
06
 
8.
48
 
o.
o 
0.
58
 
0.
59
 
1
.4
3 
0.
10
 
